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EP lnterroqatorv #14

lssue Number: 4.3
lssue: Are the proposed nuclear capital expenditures and/or financial commitments for the
Darlington Refurbishment Program reasonable?

lnterroqatory

Reference:
Exhibit D2-2-8, Attachment 1, page 16

Does the Levelized Unit Energy Cost (LUEC) include the cost of interest that will be owed
due to rate smoothing and deferral? lf not, Can OPG calculate what they will add to the
LEUC estimate?

Response

The question makes an assumption that the LUEC would be influenced by decisions on
OPG's approach to cost recovery through rates. Rates and LUECs are not the same (see
below). The deferral of revenue recovery through rate smoothing, which is what generates
the interest costs, does not affect the LUEC calculation. Therefore, OPG cannot calculate
what amount the inclusion of interest costs associated with rate smoothing would add to the
LUEC.

LUEC is an economic measure used to compare the relative economics of alternative
generation options. The calculation of the LUEC utilizes present value techniques to ensure
full recovery of all investment, operating and post-operation costs (e.9., decommissioning)
over the operating life of the option.

While LUEC can provide an indication of the long-term rate of a generation option over the
life of that option required to fully recover the costs of that option, it is not the electricity rate.
Because LUEC is "levelized", it is one constant number (usually expressed in a particular
year's dollars). LUEC escalates at the rate of inflation.

Annual rates reflect annual specifics such as: (1) fluctuations in generation by year; (2)
fluctuations in operating costs by year (e.9., costs are higher in years with vacuum building
outages); (3) in-service amounts added to the rate base. These impacts are all "smoothed
out" in a LUEC calculation, which represents an average over a full life cycle period.

Witness Panel: Darlington Refurbishment Program
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Board Staff lnterroqatorv #64

lssue Number: 4.3
lssue: Are the proposed nuclear capital expenditures and/or financial commitments for

the Dadington Refurbishment Program reasonable?

lnte!"rgqafgry

Rèference:
Ref: Exh D2-2-8 Attachment 1. paqe 2
The above reference states that OPG's current Levelized Unit Energy Cost (LUEC)
estimate of 8.1 f/kWh (2015$) for the DRP is within the previously communicated estimate
of I f/kWh in 2009$.

a) What total cost can the DRP rise to in 2026$ that would still be equivalent to the
LUEC 2009 at less than I ø/kwh?

b) Please calculate the- LUEC when the full $1.2.88 is used.

c) Please calculate the LUEC when the costs related to previous DRP projects that
have been moved to Nuclear Operations is added back.

Response

a) OPG interprets this question to be: "to what amount can the DRP cost of $12.88
(which includes interest and escalation) rise, all other factors being equal, and
maintain the LUEC at less than 8llkWh (2009$)?" The reference to 2026$ is

confusing, as the $12.88 is expended over many years in dollars of those years,
not in 2026$.

The DRP cost could rise to $16.38 (including interest and escalation), all other
factors being equal, and the LUEC for the DRP would remain less than I ø/kwh
(200e$).

b) The LUEC of 8.1þlkWh (2015$) provided inEx.D2-2-8 Attachment 1 is calculated using
the full $12.88.

c) lf the costs for the projects reclassified to Nuclear Operations (see Ex. D2-2-1O p. 10-1 1 )
were to be added to the DRP costs, the LUEC would increase to approximately
8.2sç,tkwh (2015$).

Please refer to L-04.3-1 Staff-8, part c), and L-04.3-2 AMPCO-105 for the reclassification -\*
rationale.

i

I
I

Witness Panel: Darlington Refurbishment Program
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Ghart 1

Reconciliation of F&lP Project List to EB-2013-0321Ex.D2-2-1, Tables 3 and 4

ln addition to the projects in the table above, the following projects were reclassified as

Nuclear Operations Portfolio projects:

o Emergency Service Water Pipe and Component Replacement (Project 73397, Ex.

D2-1-3, Table 2d)

. Primary Heat Transport Pump Motor Replacements (Project 73566/ 80144, Ex. D2-1-

3, Table 1)

¡ Primary Heat Transport Pump Motor Overhaul (Project 73566/ 80144, Ex. D2-1-3,

Table 1)

4

5

6

7

8

I
10

11

12

Project Project
Number

EB.
2013-
0321

EB-2016-0152 Total Project Cost
based on approved

project BGS
($M)

Heavy Water Storage
and Drum Handling
Facility

31 555 DRP DRP 381.1

Water & Sewer Project 73802 DRP DRP 57.7

Darlington Energy
Complex

73803 DRP DRP 105.4

Retube Feeder
Replacement lsland
Support Annex

7381 0 DRP DRP 40.7

Refurbishment Project
Office

7381 5 DRP DRP 99.9

Darlington Operations
Support Building
Refurbishment

25619 DRP Nuclear
Operations
Portfolio

62.7

Darlington Auxiliary
Heating System

34000 DRP Nuclear
Operations
Portfolio

99.5

Electrical Power
Distribution System

73821 DRP DRP 20.8

GM Facility lnterim Office
Leasehold lmprovements

738061
73814

DRP DRP 9.3
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a Highway 401 & Holt Road lnterchange (Project 73706, Ex. D2-1-3, Table 1)

2.4.5 Proiect Variance Explanation

This section provides an explanation for F&lP greater than $20M for which total actual or

forecast project cost variances exceed 10 per cent. Explanations are provided for the

following projects:

o Heavy Water Storage and Drum Handling Facility (section 2'4'5'1)

. Water and Sewer (section 2.4.5.2)

. Electrical Power Distribution System (section 2.4'5'3)

Variances for F&lP are managed as part of the overall DRP. As presented in Ex. D2-2-8,

F&lP represent 5 per cent of the overall DRP. There is $76M total contingency in the DRP

budget that recognizes the risks associated with F&lP and SlO. The DRP is expected to be

delivered on budget and on schedule, notwithstanding the variances described below.

Facility and lnfrastructure Projects are significantly different from the Nuclear Operations

portfolio projects that OpG has undertaken in the past and from the unit refurbishment

program. They are new designs of complex facilities constructed on a brownfield site. For

instance, there are more engineering changes (discussed in section 3'1 of Ex' D2-2-5)

required for F&lP than are required for the entirety of the Unit 2 refurbishment.

2.4.5.1 Heavv Water Storaqe and Drum Handlino Facilitv

Overview

The purpose of the Heavy Water Storage and Drum Handling Facility (the "Heavy Water

Facility") is to provide heavy water storage and processing capability for the removal of

heavy water from the Darlington units during refurbishment and the management of heavy

water during normal operations. Heavy water, when used in a nuclear reactor, becomes

radioactive material. As a result, effective management and controls are required to avoid

spills and to manage potential radiological safety and environmental consequences'



lnterviews with OPG personnel

May 24-26,2016

ltrt P,*b *V? ?r*1*cTs &" bltc:tlifir4lians
a Prior to joining Refurbishment at the Projects & Modifications Group, he completed 5200-300

million in work. He used to deliver prerequisite projects for Refurbishment before the project
team was setup. He worked on the Darlington Campus (facilities and infrastructure, safety
improvement opportunity (slo))- initially approximately 20 pro;iects in total.
When he came into his current role approximately 2 /,years ago, work was well underway at
Darlington. Some of the projects include:

o ln order to complete the building infrastructure upgrades, needed to upgrade
power/water distribution. Added two domestic water supplies to the Darlington
Campus.

o Refurbishment Project Office was built; Re-tube & Feeder Replacement lsland Support
Annex (handles tools and people working on re-tubing job itself); Heavy Water Storage
facility.

o Heavy Water Storage and Drum Handling Facility (D2O Storage) is a significant project.
o New Boiler House, safety device, promised as investment to regulator. protects against

potential blackout, serves as a permanent heating device (backup). There was a backup
heating device that was built 30+ years ago, but has reached end of its service life.

o Doubled size of fuel storage building to serve next 35 years of life.
o Retube Waste Processing Building being built, design allowing for more compact

storage. Also, building new Retube Waste Storage Building.
o The Darlington Energy Complex was also part of Refurbishment projects (done before

he joined).

lnfrastructure projects have spent approximately $t.:4, picked up work load in add¡t¡on to
sustaining work load already in projects & Modifications.
Regarding contracts, there is an Engineered Services Master Services Agreement (ESMSA), and
oPG has pre-qualified two contractors (both previously worked with opG on nuclear sites). This
is the first major endeavor in using outside engineering/engineering, procurement, and
c-onstruction (EPC) services. OPG made the decision to use performance-based specifications.

|- " Had mixed results, took on a rot of work both in-house and for the Epcs.

I o ES Fox (Sargent & Lundy) and Black & McDonnel (RCMP) were the two EpC contractors.\- OPG added a third, SNC-Lavalin/AECOM.
ln some respects, given the timing and need to begin executing the work, the scope of work may
have been "shoe-horned" into existing contracts. ln hindsight, had OpG known then what it
knows now, the work may have been developed into bundles. ln reviewing the work, both sides
may have underestimated the scope of work, as there have been lots of complexities and
technical discoveries along the way.

a

a

a

1



a Last spring, there was a look at the investments u

identified as having nothing to do with Refurbish

Refurbishment to normal capital expenses, did n

how money was tracked.

o Operation Support Building - gutted and refurbished, originally under Refurbishment
portfolio, when finished it was reclassified. Costs/budget moved out of Refurbishment
(sssvr¡.

o Boiler House - really a safety project, also moved out of Refurbishment (S112-120M).

o Other valve, maintenance type work removed from Refurbishment.

o Holt Road lnterchange lmprovements also reallocated.

o The OPG position is that it is never too late to get projects under.right group.

o

. I ting some
I

L
o Annually, OPG refines the business case.

The S300M annual spend for Projects & Mods contains hundreds of projects. As part ofthe
learning curve and adjustments in matching with Refurbishment requirements, Refurbishment

introduced more rigor and structure into the processes. S300M managed by Engineering group.

Refurbishment manages the 512.88.
o Reporting goes to each group, depending on the project. OPG is working on

consolidating this to one set of repofts.

o Rigor has been introduced into estimating process. The central estimating group is an

example. Risk-based contingency development is another example. Now do P90

contingency efforts, before it was expected value or probability "x" impact type
approach.

o Consolidated Front End Planning introduced to ensure the front end work was more
robust than in the past (as far as estimating, etc.). Spent more time refining estimates

and risk mitigation efforts, putting the right contingency with risk before release.

o Other big change was going away from an EPC approach and introducing collaborative

front end designing. Real-time oversight with engineering up front. Have seen real

results in this process.

o Transition from o.ld processes to new processes is taking place in 2016. The initiative
being taken this year is to introduce the gated process for all portfolio work, not just

Refurbishment. Also using the Center of Excellence to develop skill improvements
(Refurbishment is a large group), focusing on estimating, release strategies, risk reviews,

oversight, and using Project Management lnstitute (PMl) training modules. A big piece

of Center of Excellence is the reporting piece. Changing the software to accommodate

new reporting processes. Used SAP in another part ofthe business, corporate decision

to use platform used by Nuclear. OPG is working on getting a new system in place and

getting people trained. There is now a lot of emphasis on forecasting.

a

3

o
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DARLTNGTON REFURBISHMENT BUSINESS CASE SUMMARY
APPENDIX C - SUMMARY OF LUEC ASSESSMENT

1.2.1. Unit Life

Since the Darlington units would have been in service for nominally 60 years by the end of their post-

refurbishment lives, OPG has prudently utilized a conservative assumption of 30 calendar years for unit
lives in the assessment of the economic LUEC estimate. This post-refurbishment calendar life took into
consideration that based on the knowledge gained on pressure tube degradation mechanisms, future
pressure tubes will be designed and operated to achieve longer service lives. Thirty calendar years, with
an assumed 88% capability factor translates into a pressure tube life of approximately approx. 231,000
EFPH, which is well within the target OPG expects to achíeve within the pre-refurbishment life, i.e.

235,000 EFPH.
This conservative life estimate mitigates the risk that unforeseen equipment issues could emerge which
could bring about an earlier than expected end of post-refurbishment life.

1.2.2. AnnualStation Operating, Maintenance & Projects Gosts

Annual OM&A levels were derived based on levels in the current long-term outlook forecast, factoring in
changes to work programs and approaches expected over the life of the units.

The post-refurbishment outage costs were developed based on expected work programs and outage
templates as well as the long-term outlook forecast. Outage durations and costs were adjusted during
the last 10 years of post-refurbishment life to reflect potential equipment aging-related driven need longer
outage windows. Outage costs and durations include allowances for periodic 4-unit shutdowns for
Vacuum Building lnspections.

Annual OM&A project investment levels are kept at the typical
the life of each u

Table C4 below provides details on the assumptions used for these factors in the analysis.

OPG Confidential and Commercially Sensitive. Disclosure of information contained in this document could result in potential

commercial harm to the interests of OPG and is strictly prohibited without the express w¡itten consent of OPG.
File No: N-REP-0O120.3-10001-R000; Project ID - 16-2'1959

Page 33 of40
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DARLINGTON REFURBISHMENT BUSINESS CASE SUMMARY

APPENDIX C - SUMMARY OF LUEC ASSESSMENT

Table C4: An nual OM&A. oes & Proiects C used in the estimate

Gost Factor
Post-Refurbishment

Forecast Avg.
($M/yr; 2015$)

Station Base OM&A(1) 290

Outages OM&A 
(1) 140

Gapital Projects & OM&A) 110

oM&A Projects(2) 35

Annual Direct Station Costs
(3) 575

Notes:
Costs are rounded to the nearest $5M.

1. Base an¿ outagì ôåst-refurbishmentforecasts are based on the long-term outlook, and include all Vacuum Building

Outages and cost and scope adjustments as the units age. The Vacuum Building Outage Costs were normalized to

reflect a planned VBO every 12years.
2. Capital & OM&À pro.¡ect forá"urít 

"r" 
based on the long{erm outlook and include adjustments for losses of

economies ofl"cje ipon tlre shutdown of Pickerìng anã are informed by benchmarking against peer plants. Periodic

major projects (e.g. facilities, security) are factored into the long-term projects forecast.

3. Major costs onù. Ë*"frJ"r iuel and'iuel-related costs, Minor Fixed Assets, Property Taxes, etc- However, these

coéts are included in the development of the LUEC estìmate'

1.2.3. Annual SuPPort Costs

Costs associated with direct and allocated support services are divided into Nuclear and Corporate

Sup nclude Nu

and es. Exam

Peo inistrative
and atorY Affai

on

Darlington Refurbishment.

Based on the following premises: a) that there are econom¡es of scale in the provision of Nuclear and

Corporate Suppoft to ã large fleet of stations; b) that the "centrally held

Corþorate to each station that are purely "fixed", i.e. are by a decision t

coniinue to operate a station, it has been observed that, nuclear fleet s

economies oi scale result in an effect¡ve increase in the ding Nuclear &

services to the remaining stations. Becäuse it is assumed that the Pickering units will have already been

.ñriao*n uv the time grãt tne Dartington Station will be in it ênt pêrlod, Ðarlingtonls

share of the- Nuclear Support Costs ãnd Gorporate Supporl nder upward prêssure due to

losses of economies of àðale. This is evident when )PG's forecast is analysed.

The analysis of Darlington's LUEC estimate, therefore, reflects the expected losses of economies of scale

in providíng Nuclear 
"ñd 

Corpor"te Support services following the shutdown of Pickering. Tabte C5

shôws thelupport costs which were assumed in the assessment of the LUEC estimate.

opG Confidential and Commercially Sensitive. Disclosure of information contained in this docurnent could result in potential

commercial harm to the interests of ôpC and is strictly prohibited without the express wtitten consent of OPG'

File No: N-REP-00120.3-1000i-R000; Project ID - l6-27959

Page 34 of40



Numbers may not add due to round¡ng

Table 1

Base OM&A - Nuclear ($M)

Notes:

1 Nuclear Support D¡visions ¡ncludes Base OM&A expend¡tures for Pickering Continued Operat¡ons of $1 6M ¡n 2013 and $'l 3M in 2014.
2 Nuclear Support Divis¡ons includes Base Ol\¡&A expenditures for Pickering Extended Operations of $'l 1 0M in 2016 and $1 0M in 2017

Filed: 20'16-05-27

EB-20'16-0152

Exhibit F2

Tah 2

Schedule 1

Table 1

Uns
No- Functlon

20,t3
Actual

20't4
Actual

2015
Actual

2016
Euddêl

m17
Plan

2018

Plãn
201S

Plan
2020
Plan

2021
Plan

(a) (b) (d) (e) (q) (h)

Stations
1 Darlinqton NGS 277.8 280 1 298 9 314 7 303.1 310 0 318 3 323.1 320.1
2 Pickerinq NGS 402.3 431 1 425 I 452 1 459 4 469 4 474'l 472 4 478.3
3 Pickerino Cont¡nued Operations 9.9 6.0 00 00 00 0.0 00 00 00
4 Pickerinq Extended ODerat¡ons 0.0 00 00 00 00 00 00 00 00
5 Total Stations 690,0 717 2 724 0 766 I 762 5 779 4 792 5 70Ã < 794.4

Supportt'
6 Engineer¡ng '148.8 147 6 161 6 178 0 178 5 180 5 183 I 187 5 '191 I
7 Projects & Mod¡fìcations 74 69 6.3 74 68 58 58 40
I Nuclear Services 75.O 0.0 0.0 00 00 00 00 00 00
I Fleet Operations and Maintenance 617 OJJ 710 ôôz 63.2 646 65.5 66.1

10 SeburitV and Emerqencv Services 799 81 I 939 91.0 91 2 934 98.0
1'l lnspection & Maintenance Seruices 354 34.2 340 47.2 442 424 442 49,6 527
12 Decommissioninq & Nuclear Waste Mqmt 0.0 40.0 454 499 51.8 540 545 556 558
13 Other Support 607 438 43.3 (12 3\ 9.6 96 97 oa 95
't4 Total SuDDort 437 7 409 I 435 6 435.0 448_1 446.6 455 I 469.2 477 I

15 Total Base OM&A 't.'t27 .7 1 ',t27 1 I 1596 1,201 I 't,210.6 1,226.0 1,248 4 1,264.7 1,276 3



Numbers may not add due to rounding.

Table 1

Outaqe OM&A - Nuclear l$M)

Notes:

1 Nuclear Support D¡visions includes Outage OM&A expend¡tures for Pickering Continued Operatìons of $10 5M ¡n 2013 and g1O 7M in 2014,
2 Nuclear Support Divisions ¡ncludes Outage OM&A expenditures for Pickering Exlended Opérations of gg 9M in 2017 , $25 7M in 2018, $67 9N/ in 2019

anO $OZ A¡¡ ¡n ZOZO
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Table 1

Lln€
No- Divlslon

2012
Actual

2014

Actual
2015

Actual
2010

Budoet
2017
Plan

2018
Plan

2019
Plan

2020
Plãn

2021
Plân

(a) (b) (d) (e) (f) (q) (h) (¡)

Nuclear Stations
1 Darlinqton NGS 957 56.4 IZJ ó 893 131 'l 120 7 113 4 145 4 53 I
2 Picker¡nq NGS tt õ 830 s74 116 2 12't 3 '125 6 120 6 905 158.7
3 Picker¡ng Continued Operations 102 37 00 0.0 0.0 00 00 00 00
4 Picker¡ng Extended Operâtions 00 00 00 0_0 122 'I 1.6 208 22.8 0.0

Íotal Stat¡ons 183 5 143 1 221 2 205 5 264 6 257.9 254.8 2587 211.8

6 Nuclear Support Divisionsl 2 94_0 78.2 925 '115 7 129 I 135 I 160.5 135.7 9b/

7 fotal Outage OM&A 277.5 22't 3 313 7 321 2 394.6 393 I 415 3 394 4 308 5
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Table 2

Capital Expenditures Summarv - Nuclear Operations ($M)

2021
Plan

o

30.2

0.0

0.0

30.2

149.8

180.0

0.0

19.3

199.3

2020
Plan
(h)

37.4
0.0

0.0

37.4

221.6

259.0

0.0

19.5

278.5

2019
Plan
(s)

88.6
0.0

0.0

88.6

159.4

248.0

'15.3

19.1

282.4

2018
Plan

(f)

140.9

2.4

0.2

143.4

94.6

238.0

0.0

20.0

258.0

2017
Plan
(e)

176.6

23.0

4.6

204.2

48.8

253.0

0.0

26.0

279.0

2016
Budqet

(d)

212.7
89.7

14.2

316.5

5.5

322.O

0.0

31.0

353.0

201s
Actual

(c)

194.4

93.4
4.6

292.5

0.0

292.5

0.0

22.3

314.8

2014
Actual

(b)

164.2

96.1

9.5

269.8

0.0

269.8

0.0

22.9

292.7

2013
Actual

(a)

76.4

90.6

24.0

191 .0

0.0

191 .0

0.0

10.2

201.2

Gateqorv

Portfolio Projects (Allocated)
Darlington NGS

Pickerins NGS

Nuclear Support Divisions
Subtotal Portfolio Projects (Allocated)

Portfolio Projects (U nallocated)

Subtotal Project Capltal (Portfolio)

Darlington New Fuel

Minor Fixed Assets

Total Nuclear Operations Capital

Llne
No.

1

2

3

4

5

þ

7

I

I
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Table 1

Pro¡ect OM&A Summary - Nuclear l$lvl)

Llns
No Catêoorv

2013
Àcìual

2011
ÂDtu¡l

2015
Acluel

2016
Budoèt

2017
Plân

2010
Þlâñ

2019
PlâF

2020
Pbn

2021
Plan

la) (b) lc) td) leì (f) (q) (h)

Portfolio Proiects (Allocated)
1 Darl¡noton NGS 72 91 196 JIJ 264 252 7.6 08 00
2 Pickerinq NGS 11 4 16 0 134 103 119 00 00 00

Nuclear Support Div¡sions 303 't7 6 91 94 47 03 00 00 0fl
4 Subtotal Portfol¡o Prcjects (Allocated) 489 427 54 1 41.3 374 7.6 08 00

5 lnfrastructure 384 38 1 648 35.8 440 37.O 37.0 330 29_O

6 Portfolio Proiects lUnallocated) 00 00 00 t11 7\ 13.7 16 1 372 47A 579
7 Subtotal Prcject OM&A (Portfolio) (line 4+5+6) 874 808 100 7 78.2 989 904 817 868

I Picker¡nq Cont¡nued ODerations 9.2 22 0.0 00 00 00 00 00
I Picker¡nq Extended Operat¡ons 0.0 00 00 4.O 2.5 18 0 '18 4 187 00

'10 Fuel Channel Life Gycle Mgmt Project 9.2 04 00 00 00 00 o0
11 Fuel Channel L¡fe Extension Project 0.0 49 10 0 '15 6 't23 07 0.0 00 00

12 fotal Prcject OM&A 105 7 101 9 1'15 2 sa2 113 7 109 1 '100 1 100 2 868
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DARLINGTON REFURBISHMENT BUSINESS CASE SUMMARY
APPENDIX C. SUMMARY OF LUEC ASSESSMENT

Table C5: Nuclear & Corporate Support Costs Used in the LUEC estimate Assessment

Cost Factor
lncremental
M$/Yr,20f 5$

Nuclear Support 230(r.l

Gorporate Support & Adjustments 245("ll

Total 475(i|l
are to the nearest

a

a

1.2.4. Station Performance Assumptions

Over several years, OPG has developed and refined its estimate of the performance of the Darlington
units in the post-refurbishment period. Numerous factors were considered including performance since
in-service of the Darlington plant, specifìc contributors to incapability in the past and known improvements
to maintenance and life cycle management programs. Recent (5-yr and 1O-yr average) performance has
been excellent, in the 85%-94o/o range, with the low year of 85% in 2009 coinciding with the periodic
planned station shutdown for the vacuum building outage. Recent planned outage performance and
forced loss rates (FLR) have also been very good. Darlington is a consistently a top-rated plant in peer
revtews.

Factors considered in forecasting post-refurbishment performance include the following

As part of the assessment for refurbishment, detailed plant condition assessments (PCAs) were
completed. These PCAs have been reviewed and plans put in place to address findings, either
pre-refu rbishment, during refu rbish ment or post-refurbishment.

Technical knowledge of equipment reliability issues, including component degradation
mechanisms in CANDU reactors and the balance of plant, has improved dramatically over the
past 5 decades of the CANDU program, leading to high confidence that there are fewer
unexpected degradation mechanisms to be uncovered in the future.

These issues were discussed in meetings, including senior station personnel and members of the Nuclear
Executive Team. The consensus was to assume a reference annual capacity factor of 88% but to
analyze over a broad range as shown in Table C6 below.

Table C6: Performance Assumptions Used in the Uodated LUEG estimate Assessment

Performance Factor High
Confidence

Medium
Gonfidence

Low
Confidence

Gross Gapability Factor (%) 83% 88% 93o/o

The 88% capability factor is lower than Darlington's average performance for last 10 years, which was
89.4%, as well as past 5 yeafs performance of 89.5%. lt is considered a high confidence estirnate, given

OPG Confidential and Commercially Sensitive. Disclosure of information contained in this document could result in potential
commercial harm to the interests of OPG and is strictly prohibited without the express written consent of OPG.
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the station's performance of over the last 10 years. The low end performance of 83% (which is 1.8%
lower than the station's since-in-service performance of 84.8o/") is a very high confidence estimate, but
could result, for example, from a failure to effectively maintain the lntegrated Aging Management Program
(IAMP) and/or an inability to maintain the current 3-year outage cycle, both considered very low
probability outcomes, given OPG's robust management system. An 83% capability factor would also
allow for large outages for unforeseen major equipment maintenance during the post-refurbishment
period, if necessary. The high end performance of 93% could be achieved if Darlington were to sustain
1"'or 2no quartile INPO performance, funding levels are maintained, the IAMP is effective, and the
Management System and currently high Human Performance levels are maintained.

2.0 Results

The high confidence LUEC was calculated using the above assumptions and alternative scenarios and
sensitivity analyses were run on lowerihigher (more pessimistic/more optimistic) assumptions in order to
assess the sensitivity of the results to the various input variables. These results are presented below.

2.1. Levelized Unit Energy Gosts

Figure C2 shows the components which make up the current estimate of the LUEC in 2015 É/kwh,
utilizing the RQE of $10.48 (2015$) and the assumptions regarding post-refurbishment operations costs
shown in Table 2. The DRP contributes 3.3 ø/kwh ($2015), including 0.85 ø/kwh for DRP costs to-date,
to the LUEC estimate, and the post-refurbishment operations and support costs necessary to run the
plant, including fuel, contribute to the remaining 4.8 ø/kwh to the total LUEC of 8.1 ø/kwh (2015$).

Fiqure G2: Darlinqton Refurbishment LUEG Components
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Typìcally an economic LUEC includes only costs that are "not committed", i.e. can be avoided lf
Darlington Refurbishment were not undertaken. lt should, therefore, not include any "sunk" costs.
However, OPG has chosen to include the 'sunK refurbishment costs to the end of 2015 ($2.28), whictr
contribute 0.85 ø/kwh, in order to ensure that the complete cost picture of LUEC is providd.
OPG Confidential and Commercially Sensitive. Disclosure of information contained in this document could result in potenliat
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The "going forward" LUEC of 7.2 ølkWh (2015$), represents an economic LUEC at the current time, as
this LUEC estimate includes only the incremental costs which would be incurred from 2016 onwards as
the project proceeds.

Figure C3 shows the percentage contributions of each of the cost components to the LUEC. The
Refurbishment Project makes up 4O% of the LUEC, Direct Station OM&A, Sustaining Projects and
Station Support make up 53% of the LUEC, and Fuelcosts make upTo/o of the LUEC.

Darlington Refurbishment - Contributions to LUEC

Refurbishment
cosls to d ate

1Oo/"

OM&A Direct,
Sustaining

Prcjects
30%

Refurbishment
Prcjectremainir€

31%

Station Support
22o/o

Fuel
7o/o

Figure C3 highlights the importance of ensuring that, in addition to delivering the Refurbishment program
on t¡me and on budget, it is critically important for OPG to ensure that post-refurbishment, the station
performs to a high level and that the direct and support costs are contained within forecast amounts.

LUEC is a point in time measure and is reflected in today's dollars. Over time, it will escalate with the
consumer price index. At2% CPl, the economic LUEC of 8.1 ø/kwh in 2015$ would be 10.0 f/kWh in
2026$.

2.2. Sensitivity of Results to Changes in lnput Assumptions

As documented in Section 1, this assessment includes a large number of assumptions regarding
refurbishment costs and durations, going fon¡vard operating and sustaining invesiment coðts and
operating performance. For each of these factors, rânges were developeð and sensitivity analyses were
performed at the low and high ends of these ranges for each of the key input factors. Figure C4 below
shows the results of the sensitivity analysis. The following helps to underðtand the impaõts of specific
changes in underlying assumptions on the magnitude of the Darlington Refurbishment LUEC.

Management has assessed the sensitivity of the LUEC to changes in specific inputs. The fol6wing is a
summary of the impacts of changes to the key inputs:

¡. A $500M increase/decrease in DRP costs relative to the high confidence ReE would
increase/reduce LUEC by approximatety 0.1S$lkWh ($201S)

OPG Confidential and Commercially Sensitive. Disclosure of information contained in this document could result in potential
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ii. An increase/decrease in overall schedule duration of six months relative to the high confidence
duration (1.5 months per unit on average) would increase/decrease LUEC by approximately 0.1

ø/kwh
iii. A 5% increase in the capability factor (from 88% to 93%) lowers LUEC by 0.4"ø/kwh while a 5%

decrease (from 88% to 83%) increases LUEC by 0.45"ø/kwh ($2015)

iv. Each $100M increase/decrease in post-refurbishment annual costs increases/decreases LUEC
by O.4'llkWh ($2015)

These impacts on LUEC highlight the importance of managing the DRP within its current high confidence
cost and schedule and of addressing the key risks to costs and performance post-refurbishment.

Fiqure C4: Sensitivitv Analvsis - Darlinqton LUEG

Darlington Refurbishnrent- LUEG Sens¡t¡v¡ties - É/kwh (2015$)

FñE Op€raliñg
Cosb

DlscountEt€

Unceû nllæ
PrcJ€d

Pedomance

Filed: 2016-05-27
EB-2016-0152
Exhibit D2-2-8

November 13, 20l5Attachment I
OPG Gonfidential & Gommercially Sensitive Page 38 of 40
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There are other considerations which contribute to and support the favourable economic assessment for
refurbishing the Darlington Station. These include:

a The use of an existing generation site with a proven environmental record and a supportive host
community avoids the additional costs to OPG (and ratepayers) of site selection, securing
environmental approvals and development of host community support at an unproven green or
brown field site. lt also avoids the additional costs to ratepayers of establishing a new transmission
infrastructure.
The economic benefìts of refurbishing the Darlington Station, in terms of direct, indirect and induced
job creation. lt is estimated that approximately 2,000 direct jobs are created during the Program
Definition and Execution Phases. Continued Operation of the Darlington Station (post-
refurbishment) will maintain the same level of employment as is currently associated with the
Darlington Station for an additional 30 years. Economic impact studies indicate that post-
refurbishment operations of the Darlington Station will result in approximately 5,700 resident jobs in
Durham Region (direct, indirect and induced).

a

ln summary, the DRP's high confidence LUEG estimate is approximately 8.1 É/kwh, and the going-
fonrvard LUEC is approximately 7.2 6lkWh. Therefore, Darlington provides a low-cost, stably-priced
generation option for Ontario for the future.
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damages) will be payable by OPG to the contractor in such circumstances. Examples of
direct damages under the contracts (with some variation between the contracts) are:

. work that has been performed to the date of the termination and for which OPG has
not yet made payment;

. an equitable portion of any fees which would have othen¡¡ise been payable on the
next milestone date;

. arìy contractor costs incurred in providing any work in progress; and

. reasonable extra direct damages suffered by the contractor arising from the
termination (such as out of pocket costs for demobilization).

Each circumstance will be dealt with as appropriate based on the facts. There is no
special governance process required other than compliance with the contractual terms.
Formal communications will be made in accordance with the contract terms; additional
communications will be made as appropriate. Prior to terminating any contract, the OPG
Project Manager will request a review by OPG's Senior Management team, which
includes Finance, Law and Supply Chain.

Upon decision to terminate for convenience, OPG is to provide written notice to the
contractor, as set out in the contracts.

b) As discussed in L-4.3-1 Staff-44, beyond being guided by the 2013 LTEP principles for
nuclear refurbishment, OPG has no insights into what factors the Government of Ontario

consider in making a decision to direct OPG to take an off-ramp

I of any superseding business case summary
would be sought from OPG's oard of Directors.

c) lf a contractor is performing "substantially below expectation", OPG likely would terminate
the agreement for default as opposed to termination for convenience.

Performance that is "substantially below expectation" will be determined on a case-by-
case basis, but will include evaluation of the contractor's performance on safety, quality,
schedule and cost aspects of the work being undertaken as well as their actions, or lack
of action, taken to recover the performance gap.

d) OPG expects contractors to be on plan for their work. Recovery plans are required if a
contractor deviates from plan and a milestone is at risk of being missed. Steering
Committees consisting of senior management from both OPG and the contractor provide
oversight on all aspects of contractor performance. OPG expects all defective parts of the
project to be corrected at the contractor's cost. ln some contracts, a schedule

Witness Panel: Darlington Refurbishment Program
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AMPCO Interroqatorv #74

lssue Number: 4.3
lssue: Are the proposed nuclear capital expenditures and/or financial commitments for the

Darlington Refurbishment Program reasonable?

Interroqatory

Reference:
Ref: D2-2-7 Page I Chart 2

Preamble: Of the total $1 .78 of DRP contingency, $694.1M (40%) is attributed specifically to
Unit 2.

a) Please provide the DRP contingency allocated to Units 1, 3 and 4 on the same basis as

Chart2.

b) Does the Monte Carlo analysis differentiate between Units?

c) lf the contingency for Unit 2 is not used, please discuss how the funds will be treated and

if any remaining contingency funds will be reallocated to other units.

d) Please provide the amount of Unallocated Program Contingency allocated to Unit 2.

Response

a) An allocation of contingency to Units 1 , 3 and 4 on a similar basis as shown in Ex. D2-2'
7, p. 8, Chart 2 is not available. Please refer to L-4.3-1 Staff-057 for the allocation of
contingency to each of the four units across the Major Work Bundles, Facilities and

lnfrastiucture Projects and Safety lmprovement Opportunities, Project Execution and

Operations and Maintenance functions and Unallocated Program Contingency.

b) The Monte Carlo analysis performed was a four-unit, integrated analysis. While the inputs
were created on a unit by unit basis, only integrated results were produced. OPG did not
run an independent unit by unit model (e.g., a Unit 2 model, a Unit 3 model, etc.) as this
would not be an accurate representation of the four-unit DRP.

c) lf Unit 2 is completed with less than the estimated contingency spent, the contingency
would be retained for possible use on other units, based on the risk profile of those units,

subject to approval by OPG's Board of Directors, or retained at the Program level until

the end of the four-unit refurbishment when the program is complete. This approach is

consistent with that outlined by Pegasus Global Holdings for management of unused
contingency within a megaprogram (see Ex. D2-2-11, Attachment 3, p. 29)'

W tness Pane : Dar ngton Refurb shment Program
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ln the event of any unallocated Unit 2 contingency when Unit 2 goes in-service, the
revenue requirement impact of the reduced in-service amounts would be recorded in the
Capacity Refurbishment Variance Account and returned to ratepayers in a future term
(refer to L-9.2-2 CCC-040).

d) Please refer to L-4.3-1 Staff-057 for the amount of Unallocated Program Contingency
allocated to Unit 2.

Witness Panel: Darlington Refurbishment Program
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Confidentiol Advice to the Minîster of Energy

Co mmerci ally Se nsitíve

of contractors to perform field execution to high.performance standards. This

demonstration should be led by the core refurbishment execution team, and

encouraged prior to breaker open.

Tied to execution is the fact a good fraction of the work is first time execution for
the vendor, very infrequently performed work or first of a kind method. This
refurbishment outage is the first time for the Joint Venture to execute a re-tube
and feeder replacement. lt is the first time in a decade for B&W to clean the
Darlington steam generators. And the equipment and process for the handling
and reduction of re-tube radioactive waste is first of a kind. OPG has taken a

number of actions to mitigate the risk - the most visible being the full-scale
reactor mock-up. The need for OPG to have effective oversight and the ability to
identify and respond to degrading execution performance is essential for
success.

There is confidence that the RQE will be completed on time. However, there is
a risk that the JV's target price plus requested contingency will exceed the class
4d estimate by a sufficient amount to have a target price not achieved. OPG and
the JV are working diligently to resolve a number of remaining issues. A failure
to achieve an acceptable target price will require OPG to implement an
alternative plan in a relatively short period of time.

The performance of the fuel handling equipment during the defueling of the

reactor will set the stage for the first phase of the refurbishment outage. The
station has an initiative to improve fuel handling equipment reliability. This
initiative is challenging, and is being monitored by a station oversight committee
and the Defueling Project's senior management oversight committee.

ln summary, OPG has the infrastructure and framework for execution of the outage at
the time of breaker open. The ability to demonstrate successful execution of projects

and initiatives during the next 18 months will be needed to provide confidence in the
ability to effectively execute the outage.

There have been several upcoming changes within the refurbishment organization
identified this quarter. The President and Chief Executive Officer, Tom Mitchell, has

notified the OPG Board of Directors of his intention to resign when a replacement is

identified. Glenn Jager has been appointed President of OPG Nuclear and Chief
Nuclear Officer. This will continue the current situation of one senior executive having
responsibility for both nuclear operations and the Darlington Refurbishment Project. ln
addition, the Director of Operations and Maintenance (DOM) and the Maintenance
Manager have notified the organization of their upcoming retirement. The new DOM will
be the fourth in just over two years, a challenge to both knowledge retention and
consistent direction within that organization.

4
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Report to Darlington Refurbishment Comm¡ttee
3Q 2015 Darlington Nuclear Refurbishment ProjectStRAtEGtC sOtUTlONS

a The workshop concept is good and leverages the work ongoing with risk identifícation since the start of the

Project. However, the key to success is how the projects/functions develop appropriate contingency inputs. Thís

is no small task considering the available time and the amount of effort involved. lndividuals from the Risk

Management Group will work with the project and functional groups to facilitate acceptable input for RQE.

However, project and functional personnel must develop the justifíable content.

a When BMcD/Modus began work on the Project, risk was a very low prioríty for the managers. Over the last year,

additional management focus has been placed on developing and rationalizing risks, and management's goals

are well known to the project managers. Some groups have embraced risk analysis, but others pockets within

the team have produced contingency input merely to meet the RQE deadline; despite effectíve Risk

Management tools, infrastructure and a support organizatíon. RQE will be the test of how deeply the DR Team

understands the risk aspect of their work.

a Some of the estimates of the impact costs were not derived using accepted estimatíng practices-but were

based upon the project manager or functional group representative's "gut feel". The calculatíons for the cost

impacts of discrete
cost estimates.

risks should be estimated and vetted by the Estimating team with the same rigor as the base

o The Risk Management Team will also review all registers to identify and resolve duplicate and overlapping

entries. Clarity and precision in the risk descriptions will influence how efficiently this review can be conducted.

Elíminating such redundancy only increases confidence.

o The BOP team has a significant challenge. lts major contractor has noted performance issues on Campus Plan

projects, nssítatíng significant BOP schedule and cost contingency in order to have sufficient funds budgeted.

That creates problems developing firm estimates and schedules. Nonetheless, absent detaíled Construction

Work Packages, fairly accurate OPEX for executing some of the BOP work, such as valve repair/replacement, can

be employed. To develop the best input for RQE contingency, the BOP team has to rely on creative approaches

such as existing DNGS OPEX, SME input and appropriate risk analysis. BOP (and, where necessary, other groups)

are working closely with the Risk Team to timely develop acceptable contingency inputs.

The Project Controls team managing RQE is intent on issuing a number of key questions for the team to consider in

looking at their contingency. ln developing the global, program level contingency, the DR Team should fully consider the
following risk areas as part of that exercise:

o Address vendors' concerns regording OPG's role øs overseer and ¡ntegrotor ol the work: Each of the vendors

have voiced their concern that OPG's history is to provide multiple points of contact during a work cycle, who
often provide conflÍcting information and direction and othen¡vise interfere with the field work. For the Project

to be successful, the DR Team needs to dispel these fears wíth an optimized Execution Phase organization with
clear accountabilities, and ensure that the Station and the Project are fully integrated. To address this, the DR

Team has identified a plan to test its ReadÍness to Execute the work using actual work scheduled in 2015-16

prior to Breaker Open. This plan should be finalized and fully vetted for RQE and tracked with appropriate

metrícs and targets during the coming year. Nonetheless, for purposes of RQE, these risks need to be fully
addressed.

Fully ønølyze ond øccount lor the dist¡nct risks inherent w¡th the performonce ol Units 3, 7 and 4: RQE is

establishíng a control budget for measuring OPG's performance on all four units. While this is sufficient for
establishing the control budget's base cost, the full DR Project as it currently ís planned actually consists of four
separate and distinct execution models: Unit 2 is intended as a stand-alone project; Unit 3 will be completed

while Unit 1- is started; Unít 1 wíll be started simultaneous to Unit 3's completion and completed at the same

time Unit 4 is started; and Unit 4 will be "lapped" at its start by Unit 1. The DR Team has embedded certain risks

regarding the subsequent units; these should be vetted for consistency and whether they cover the impact,

needed resources, and other key factors that could make the execution of the subsequent units different, if not

a
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The process itself is well-formulated and should serve the intended purpose. However, the DR Team's execution within
the process should be addressed. From our sampling of the process, we have found the DR Team is not consistently
developing the materials needed forthe GRB's evaluation. Some comments and recommendations are as follows:

Observation from Gate Review Process Recommendations

Quality and consistency of the materials in Gate packages

should be addressed. Gate review packages arç often
hastily assembled by the project teams and provided to
the GRB only shortly before the gate review meetings.

schedule and key documents should be delivered well
in advance of the GRB.

GRB would be improved by timely delivery of
materials prior to pre-vetting sessions within the
Project Team.

Within gate packages, there are requirements for
explaining variances in cost estimates, there is no formal
controlled process for presenting these changes. We have
generally found little consistency between the various files
kept on the bundles, and in some cases, the estimates
used for gate reviews were not preserved.

retention.

with the gate þackage to prior estimates (i.e., 4b, 4c)

and the basis of estimates so that changes can be

traced and sources are identifiable.

standard gate package template.

should follow the same general vetting methodology
and adhere to the same quality and consistency
standards described in Attachment C.

Although designed to provide a forum for challenging
scope and cost estimates, the gate review process has thus
far had mixed results for that purpose.

consider utilizing a 3'd Party (e.g., Finance and the
Controllership) to provide an independent analysis

and examination of the sufficiency of the gate
packages. The 3'd party can report to the GRB its
findings and concerns.

Now that the Project's scope has essentially been determined, the Team's focus should turn to fully supporting the work
that will be done in the Gate Process. We have recommended to Management the need to drive down to the lowest
levels of the DR Team the importance of schedule and cost consciousness. Senior Leadership has accepted these
recommendations and is implementing changes to the process that should address these concerns.

ú. Assessment of Contlngency arìd Managemant Reserue

BMcD/Modus undertook a review of contingencyto determine how discrete risk elements are accounted for in the 4c

Cost Estimate. Our review found that while risks are being identified and analyzed in a reasonable manner, the value of
individual risks are not directly traceable or otherwise transparent all the way through the estimate to the bottom line.
lnstead, management has made a decision to carry Monte Carlo Output risk amounts at a more global level, namely, at
the project bundle level only. As a result, discrete risks and associated amounts are merely subsumed into a single
contingency number with no tractability back to the individual risk elements.

BMcD/Modus has the following observations regarding the methods the DR Team is using for establishing and managing
contingency and management reserve:
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EP lnterroqatorv #12

lssue Number: 4.3
lssue: Are the proposed nuclear capital expenditures and/or financial commitments for the
Darlington Refurbishment Program reasonable?

lnterrogatorv

Reference:
Exhibit D2,Tab 2, Schedule 7, page 5

L Does OPG have a list of other major infrastructure projects that have used the Palisade
software to establish their contingency?

2. ls OPG aware of any cost overruns at projects that have used the Palisade software to
establish their contingency?

ResÞonse

1. No. However, information on the industries and types of applications where Palisade's

@Risk software has been used can be found at Palisade's website.

-@Risk is a widely used software in to perform risk analysis including
Monte Carlo analysis and decision tre lt is not only used for major
infrastructure projects.

The Palisade website states that they have been in business for over 30 years, have
150,000 users, including 93 Fortune 100 companies.

2. OPG is not aware of cost overruns at projects that have used the Palisade software to
establish their contingency.

Witness Panel: Darlington Refurbishment Program
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Prcsident
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Table I - Target Cost & Fixed Fees

Note: * Escalation not included

Risks Excluded From Risk Registers

As per the Agreement, certain risks are not allowed in the Risk Registers as input to
the Monte Carlo Model. Due to contractual arrangements, risks are transferred to
OPG internal or transferred to JV internal. For example, Excusable Delay is a risk
in OPG Risk Register, and Defective Work is a risk in JV lnternal Risk Register.
These two risks are examples of risks not included in the Monte Carlo Model.

This implies that less contingency will be shown in this Monte Carlo Model, as part

of the contingency shall reside with OPG and part remain with the JV. To assess
overall contingency, all OPG and JV contingency needs to be considered.

7.7 lmpact of Separate Unit Risk Models

The Monte Carlo Model has the 4 units run independently. As some of the units

undergoing refurbishment at the same time (overlap) and some of units planned to
be refurbished in series, it may appear that these separate risk models do not
simulate the big picture. However, the Monte Carlo Model of independent runs is
based on the assumption that OPG will make the informed decisions to optimize the
breaker open dates for the Subsequent Units. With this assumption, the Monte
Carlo Model is portraying the big picture with the contingency profiles of the
individual units, .
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for any project. ln addition the status of the reporting needs to reflect future performance and Page 9 of 10

status.

a. Vendor performance during the execution of the refurbishment project is not known,

but the initial preparatory projects should be a good source of productivity and

performance data.

15. Change Management: The Change Management Process is critical to enable visibility of scope

and cost changes to the project. Anticipating and trending changes, assessing the impact of

these changes, promptly agreeing to the cost or schedule impacts with vendors, and including

these changes in the forecast. lt is suggested to Trend, Change Order, scope and design changes

The Process should recognize two types of changes, those initiated by OPG, and those initiated

by the Contractors as a result of unforeseen conditions or events. There are many examples of

these processes available to the OPG team and external help can be sought to address this if

req u ired,

16. Contingency: Messaging of contingency allowance and "cost at risk" is inconsistent, ln some

presentations OPG is showing only "vendor cost" as risk, excluding risk of cost overruns for O&M

and Project Support. However the Contingency breakdown shows contingency for O&M and

Project Support Services. lt is suggested that this inconsistency be corrected.

17. Project Record: OPG is subject to intense scrutiny by multiple agencies and regulators. For

prudency hearings purposes it will be criticalto write the facts and evidence that support any

cost increases. OPG will need to demonstrate prudent management of risks and cost overruns

and the application of best management practices to support the case for any overruns to be

passed through to the rate payers. The creation of an "independent" project record (detailed

with daily records and monthly reports) will also be critical to protect OPG from contractor

claims if required. OPG should appoint an appropriate person(s) to monitor, collect and draft

project records and prepare detailed risk assessment reports on a monthly basis in advance of

OEB hearings, and in support of any contract claims or future contract settlement negotiations

or litigation.

L8. Project Risks: Several commercial risks should be carefully managed:

o Vendor material cost increases (prices not fixed in contracts).

o Schedule Change lmpacts (schedule is still live and a potential gap is being created between

the current schedule and the contractual schedules). The fact that schedules are not yet

resource loaded may also imply changes and bring cost impacts due to changes in resource

quantities and cash flow curves.

¡ Change Orders have the potential to increase the Target Cost. Scenario analysis should

done to understand potential pessimistic outcomes and have mitigation plans in p

o OPG removed risk / contingency from the JV price prior to contract signing on the

assumption that "OPG is the best party to manage such risks"' Contingency was then
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a probabilistic distribution of results (loss distribution). For this process to happen, the user needs the

software @RISK, which brings this type of power calculation to the final user.

The calculation ís applied for each item to the Duration or the Cost of the program, depending on the

bucket where the item is located.

Once each one of the input sheets is filled and calculated, a series of reports were designed and built to

support the decision making process and bring easy to understand the information obtained after the

simulation process. Addíng the probabilistic dimension to the model means that each risk or item included

in the buckets aforementioned will have different levels of impact, represented by percentiles' E.g' the

risk of a project delay could represent between 30 and 75 days of delay in the project depending on the

risk appetite of the user: 75 days will be very conservative (P90) and 30 days will be very optimistic (P10)'

Each report added to the model focuses in Cost or Duration, giving the analyst the possibility of analyzing

the model from several points of view: Duration uncertainty, Cost uncertainty, Risk Uncertainty, etc., at

several confidence levels.

Working with percentiles is regular in this type of models and OPG requested a Drill-down report, which

will let the users navigate through the different risks and analyze the components of each one. That

means, a given bucket can have L00,000 in P90 risk, and it could be made of several items: ltem 1 =

S25,000, ltem 2 = S7O,O0O, ltem 3 = 55,000. Summing up percentiles is not permitted and Palisade and

OPG worked in an approximation report called "summary Report" which automatically adjust each risk's

results in order to make this Drill Down report work. This is, again, an approximation of the final results.

2.3 Bnsrc ÆsuvploNs FoR RUNNING THE MoDEL

The model includes some important conceptual assumptions that should be considered for calculation

purposes:

The model has to be run with the latest version of the information, gathered from the SMEs

Each item included into the calculation can affect cost, duration of both. There are items that are

setup to affect Duration only (Schedule Risks) and others designed to affect Costs only (Cost

U ncertainty).

Each risk is applied to each unit. There are four units included in the program and risks will be

detailed individually. lf a risk affects 4 units, it should be disaggregated in 4 items

A list of bundles has been setup initially for the model to be broke up.

The percentile defined to be the conservative tail was P90 (90%). lt is around this percentile that

all analyses were generated.

The numbers used in the parameters for the distribution are the Post-mitigation numbers. lt is

assumed that there are no further opportunities for improvement reflected in each item's setup,

2.4 THe Pnocess

The process that OPG was following was discussed and refined with Palisade. This design was analyzed

in detail during Palisade's Visit #2 and it follows the phases below:

4



Executive Summary

OPG Management's August II,20j,6 report to the DRC affirms the DR Project remains within the overall ReE control
budget of 5rz.A billion and that the Project's overall P90 schedule duration has not changed, Based on our review, the
lndependent External Oversight Team (EO Team) found OPG Management's report to the DRC adequately reflects and is
generally focused on the DR Project's current key status points and risks. The process OPG used for developing the
Execution Phase schedule has followed accepted industry practices and once complete should provide a good baseline for
the Project. We have also reviewed recent output from OPG's assurance programs and find them to be effective.

OPG has accomplished most of its planned readiness activities and, at this time, there are no known imminent threats to
Unit 2 breaker open; however, there are issuesthat require attention that could have a significant downstream impact on
the Project ifthey are not addressed:

o Schedule performance and adherence is an ongoing concern;
o While the technicaltools are now in place, cost and schedule trending and forecasting are not mature;
. Aspects of key vendors' readiness for execution are a concern; and
o The Risk Management Program has not been fully embraced as an essential day-to-day management tool

Evaluation of DR Project Stotus

The EO Team has identified the following key status points that should be considered for purposes of evaluating the DR
Project's health as a whole and forthe Board of Directors'approval of management's Unit 2 budget and schedule.

Filed: 201 6-1 0-26, EB-2016-0152
L, Tab 4.5, Schedule I cEC-013
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e DR Project's current sPl of 0.9L which equates to being approximately 9-to% behind
the Project's P50 schedule (though should not impact the P90 range). The impacts of these delays
include late finalizatìon of the Unit 2 Execution Phase schedule, procurement and field preparation that
will need to be recovered or mitigated prior to field need dates. The vendors' ability to meet their
procurement schedules is a concern. OPG has increased visibility and management attention to
resolving outstanding vendor and internal issues.

OPG identified thSchedule
Performance

Based on all of the available information, the overall Project control budget of 512.8 Billio
maintained, though the EO Team identifies three caveats:

* The final Unit 2 Execution Phase schedule will be completed in mid-September. Until that
schedule is completed, issues can materialize that could impact the final Unit 2 budget, OpG
Management has reserved the possibility of making changes to the Unit 2 budget until the
schedule is closed-out.

* Since RQE, S0rv of contingency has been drawn and allocated, which translates to a rate of
approximately $10 Million/month. While we believe this is largely due to finalizing and updating
the Unit 2 cost estimate, this velocity of change would be a concern if it continues past the
locking-down of the Unit 2 budget.

t' Risk and contingency calculations for Unit 2 may change as a result of recent additions to the DR
Project's risk register. For example, within the last month, certain technical risks have

nh 5a n

materialized that could have s acted thenifica nt tm s critica I While these is

Cost
Performance

Key DR Project Status lndicators

llPage Confidential August 2,20'J,6
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were resolved without additions to the base schedule. This underscores the potential for
discovery of changes while a p undertakes a detailed baseline schedule review

Vendor
Performance

Risk Since RQE, OPG has identified a number of new program and ect risks. Many of these ltlew risks

Management. appear to have been added without benefit of the rigor bÏÍélieï 'duiing 
RQE and required

Management attentign. Key technical risks were identified or revised during the Execution Pliäse

slhedule preparation, which are under consideration for Unit 2 contingency calculations.

Safety and

QualitY

OPG's assurance activities have included identifying adverse safety or quality trends and have been

adequate to date

Project dnd Program Assurunce

The EO Team believes the activities performed by the Project and Program assurance teams have been appropriate and

their findings have positively influenced behaviors. The DR Team's Performance Assurance Group (PAG), Enterprise Risk

Management and OPG lnternal Audit have developed and are executing robust plans for assurance activities. The DR

Project's quality and safety trends are being reviewed, tracked and monitored and the Project Team has identified and

pursued course corrections.

Effectiveness of OPG Froject Team

OPG's Project leadership is displaying its commitment to identifying issues and increasing accountability across all work

groups. The OPG Execution Team has revised processes based on the Readiness to Execute and its own OPEX that, on

paper, should be effective but must be proven. Ensuring that the vendor and OPG commitments are kept and lines of

authority are maintained will be a key contributorto success forthe Project.

Strate g ic Ca n s id e rati on s

Based on our independent review of the current DR Project's status, the EO Team offers the following analysis of certain

forward-looking risks and strategic considerations as the Project advances to Unit 2's Execution Phase. As a part of our

analysis, the EO Team has reviewed and assessed OPG's assurance activities to identify any potential gaps. The risks

described below have the potential to challenge the DR Project's ability to maintain the P90 schedule and/or cost.

OPG's lnternal Audit verified that the DR Team has put into place the tools needed to maintain and

analyze cost trends; it is now the Project Team's responsibility to properly use these tools. The Project

Team has not been utilizing a consistent process for forecasting the impacts caused by deviations from

the plan to overall cost and schedule of any particular project. Moreover, critical information needed

from the vendorsto prepare accurate forecasts has been suspect or missing.

example, the DR Team has identified mitigation plans for the late finishing F&lP Projects (D2O

ge Facílity, EPG3; cFVS and SToP). Analyzing the full impact of
n

Stora the vèndors

Cost and
Change

Management

2lPage Confidential August 2,201,6
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to provide accurate information and for OPG to validate that information for its cost and

forecasts. The current documented status of these projects suggests a high likelihood that
need further draws against contingency due to extended costs and/or recovery of delays, though the

vendors'information (or lackthereof) makes accurate analysis of the extent of delays more difficult.

Without robust forecasting, projects have limited ability to estimate the impact of current progress on

future completion and, thus, no basis fortimely or effective corrective action. On a large and complex

project like Refurbishment, this could have a significant impact on the cost and schedule. Going

forward, improving the accuracy of cost and schedule forecasts will depend upon the Project Team's

use of the available tools, verification of the work in the field and ensuring it is receiving timely and

accurate data from the vendors.

schedu le

OPG will

Since RQE, the EO Team has seen a broad range of risks added by the Project Team to the risk register.

Theprogramandstructureiswellestablishedandfunctional. Discreteriskshavebeenclearlyidentified
and represent significant aggregate exposure which must be addressed. However, the ProjectTeam's

focus should be aimed at building effective mitigation strategies that can be successfully tracked and

executed. The EO Team acknowledges that the OPG assurance teams have identified a number of
concerns regarding the Project Team's use of the risk program as a management tool. However, the

fact this issue continues to come up is evidence that the Project Team has not fully embraced the

Management Program as an essential day-to-day working tool. ln our opinion, risk managemént ii
as Ímportant to project success as methods used to control cost and schedule.

Risk

Management

Vendor
Capabílity

and
Readiness

To date, the vendors have struggled performing the F&lP projects and in meeting some of their
commitments during the Refurbishm ent P ect's Definition Phase. This raises several concerns with

Based on our review of the vendor's

performance overtime, we have made the following observations that could have a significant impact

on cost and schedule:

":. The OPG Project Team has a tendency to "help" the contractors resolve issues in a mannerthat
imposes unanticipated demands on OPG staff. Care must be taken to ensure that the contractors

do not unnecessarily rely on OPG and shift contractual responsibilities.

"}" OPG's ability to effectively manage the vendors and anticipate issues depends largely on the
quality of the data the contractors provide to OPG. As an example, OPG has not consistently

compelled the contractors to provide performance data for its second and third-tier contractors

orcontractoractual hours,alsoknownastheir"burnrates." Suchdataiscritical forassessingthe

contractor's true performance, assessing productivity and finding troubled areas.

""'. OPG has allowed the contractors to re-sequence their projects, which is generally an indicator of
either poor performance or poor baseline scheduling. Accountability suffers when a project loses

sight of its original baseline. OPG needs to ensure that the contractors are meeting schedule

commitments as the Project moves into the Execution Phase and hold them accountable when

the schedule slips. Changing a baseline schedule also makes forecasting much more difficult.

"þ OPG has requested changes to the key vendors'project management teams which the vendors

have honored. lt will be important to monitor these changes for their effectiveness.

OPG's commercial management team is currently understaffed. OPG is in the process of finalizing an

RFP process to retain an outside vendor to assist in this regard, to keep pace with the volume of
potential commercial issues, which it anticipates will increase after breaker open.

3lPage Confidential August 2,201.6
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a

Estimate forms the platform from which the Class 2 Estimate (with an expected accuracy range of -5Y"to +2O%)

will be developed for RQE. As discussed below, there are some commercial opportunities OPG must weigh that
could impact the cost estimate as well. Given its high importance to the overall project, BMcD/Modus sees OPG

arriving at an appropriate comfort level with the Class 3 Estimate as essential to tightening the project's cost
estimate, and we would recommend the team take any reasonable time and action needed to reach that level of
comfort.

Commercial Risks: The Project Team has taken our recommendation to review commercial incentives and
disincentives in the Project's major contracts in light of some changed planning basis and assumptions-
includíng the Shareholder's mandates set forth in the LTEP, the unlapping strategy and the evidence to date of
contractor performance. The DR Team took an action to develop a negotiation strategy with SNC/Aecon that
will take into account the impact on their work caused by the unlapþing Unit 2, prioritization of Unit 2

performance, potential for economies of scale with the Turbine Generator work and other key considerations.
Regarding the ESMSA, seníor management is instituting a number of changes to managing and executing the
EPC model that has proven to be ineffective at driving performance, cost and schedule compliance and reducing
OPG's risk.

and OPG theoretically has both the expertise and the essential knowledge needed
to more effectively manage this work. Going-forward, it is OPG's intention to take a much stronger role in
managing and directing the engineering portion of the work. ln doing so, it will be important to for OPG to
understand and communicate the impact of the shiftíng of risk for this added responsibility as well as any impact
to warranties provided by the contractors. The success of this new strategy will depend on OPG's ability to
attract and retain talent and OPG's ability to drive change down through its organization to implement a new
project management philosophy

Other ongoing challenges to the DR Project include the development of the DR Team for the Execution Phase, further
refinement of the Risk Management Program and Fuel Handling work. Attachment "4" provides an update regarding
the DR Project's risks.

ll. Summary of Campus Plan Root Cause

í:., {.}v"¿rvt*t¡:

The Campus Plan Projects consist of 26 separate scopes of "pre-requisite" work that are needed to support the DR

Project or the station's operations during constructíon. These projects are being managed by OPG's P&M organi¿ation.

'--'- Prior to this Campus Plan work, P&M executed capital projects for the stations, rru*itii ãhnual budgets of approximately
S300M. With the advent of the DGNS Refurbíshment Project, senior management sought to use P&M to develop and
oversee all of the Campus Plan Projects, allowíng the DR Team to focus on planning for the DR Execution P The
inclusion of the Campus Plan Projects caused P&M's por.tfolio to increase by four to five times, and the and
technical complèät!'öf'thís work was unprecedented for thíé oigäñfz"ãtloï. At the sãme time, OFG was under pressure
to decrease its staff in line with the Shareholder's requests. 'As with many utilities in the US, OPG who had once had a

very large construction unit that built the current stations and Bruce, and as recently as Pickering A Unit L RTS Project in
the mid-2000's had considerable in-house construction, planning, procurement and engineering resources, was

-__--shrinking even further and the capability for managing and directíng large capital projects was sacrificed.

From 2010 until July 2013, P&M was led by its former VP ultimately succeeded !
in January 2014. P&M's governance, including most of its business and management processes, were

separately developed and maintained from those used by the Refurbishment Project. Also, P&M negotiated and utilized
the Extended Service Master Services Agreement ("ESMSA") contract and the two "ESMSA Contractor" consortiums led
by Black & McDonald and ES Fox. The ESMSA contract is actually a mix of multiple standard form agreements that could
be used in combination depending on the circumstances - e.g. there are separate forms for engineering, procurement
and construction that could be combined into an "EPC" contract. The business deals with the ESMSA Contractors were

(...r:t{iic1,::rz?ir,ti - is ç lí;t {}iir,r:1";>ina.:r¡
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the result of a competitive process which resulted in the contractors agreeing to some unique provisions that are used

for all contracted work with these vendors. As an example, when used as an EPC, the contractors who lead these
consortia are required to bid engineering work on a fixed-price basis with no profit for themselves. The construction
work is all cost reimbursable target price, and the performance incentives include up to a 50% reduction of profit,
though this and some other disincentives built into the contract have proven thus far to be much less effective in

practice than concept at driving the contractors' behavior and performance.

The impetus for having P&M execute the Campus Plan work was that through the Defínition Phase of Refurbishment,
the DR Team was not assembled as an execution organization, but a planning one. P&M was an existing service
resource with some experience in managing the ESMSA contractors. P&M's work on the Campus Plan Projects is funded
by Refurbishment and it must report its progress to Refurbishment, though these business units are otherwise
autonomous. Until recently, other than these -approvals and the fact that both organizations use the ESMSA

Contractors, there was very little else in common between Refurbishment and P&M, including the project rnanagement
procedures utilized for their respective projects. P&M's project management procedures were not developed to
manage multi-year projects of the size and scope of some of the Campus Plan Projects. Over the last several months,
P&M has begun to manage the Campus Plan projects in accordance with the project management procedures
developed for the DR Project in an attempt to implement industry-standard risk, cost and schedule controls.
Additionally, the new VP has implemented a series of organizational and strategic initiatives with the goal of improving
performance.

widely ín size and complexity. the performance of the work is largely split between the two ESMSA contractors, Black &
McDonald and ES Fox. Deadlines for completion of these Projects vary based on the project's and stations' needs; AHS is

scheduled to be complete prior to the DNGS Vacuum Building Outage ("VBO") in mid-April 2015, while all the remaining
work is scheduled to be completed one year later, in April 20!6, to allow enough tíme for commissioning prior to the
October 2016 Refurbishment Project's breaker open milestone. Many of these Campus Plan Projects involve the
construction of commercial buildings that are made more complex because of their location on or adjacent to the
nuclear island, which impacts their associated design requirements for such things as nuclear safety, security, and
seismíc requirements. Additionally, these are brownfield projects on a site where soil quality issues and underground
interferences are the norm and coordination with the operation of DNGS must be managed

Over the last quarter, BMcD/Modus has engaged in a number of activities related to the Campus Plan Projects. ln this
regard, we have:

. Reviewed the reasons for signíficant cost variances in five of the largest Campus Plan and Prerequisite Projects:
D20 Storage Facility; Auxiliary Heat System Buílding ("AHS"); Water & Sewer; RFR lsland Annex Buildíng
("RFR|SA"); and Retube Waste Processing Building ("RWPB"). Our goal was to determine the root cause of the
Campus Plan Projects' variances so that past mistakes will not be repeated. We chose to examine the RWPB,

which is being built by SNC/Aecon and managed by the DR Team, for a real-time direct comparíson with the
ESMSA-m anaged projects.

o Reviewed the Campus Plan Projects' schedules prepared by the vendors to identify any major gaps. This review
led ourteam to make a seríes of recommendations to the P&M and DR Teams, and our subsequent monitoring
of progress of the vendors' ongoing redevelopment of their detailed schedules for each of the major projects.

¡ Examined the risk management process within the P&M organization, including its ability to properly identify,
avoid, mitigate and monetize risk.

Reviewed the design and scoping process and identified the causes for the extreme inaccuracy of the vendors'
engineering cost and schedule estimates.

{-r:¡sttí;1*t tt.i.*i -- ii,.lt ts it| ;s1: L:t;"sn*tttt rt^,*
?tt7:,t: 4 ,t{ 2'3

a

May t3,2Ot4



I¡f!"7 ùuì{

,.JìMODUS
,;' äiiäiesi" soruiiän. änñÄón

Filed: 2016-1 0-26, EB-2O16-0152, Exh¡bit L
fab 4 3, Schedule 1 Staff-072, Attachment 4, Page 8 of,34

Report to Nuclear Oversight Committee - 2Q2OL4
Darlington Nuclear Refurbishment Project

an example, for the D20 Storage project, Black & McDonald was told to remove from its contract price any contingency
for unforeseen soil conditions, even though there was a high likelihood that there would be contaminated soil issues.
Moreover, P&M clearly overvalued price as a consideration in the contractor selection process, especially in light of the
fact that the work was going to be performed on a cost-reimbursable basis and the bid prices were not binding.

P&M gave only token consideration to determining whích contractor had a better approach for executing the work.
P&M chose the "low bidder" even though the other contractor's qualifications and project approach were viewed more
favorably. Thus, P&M created the conditions for a perfect storm of cost and schedule overruns. Because the work is
largely based on a cost-reimbursable target price with no caps on size, P&M's artificial beating down the contractors'

; prices in the bid phase was a Pyrrhic victory: P&M's actions did not reduce cost and only served to deprive senior
i management of realistic cost projections for this work. The budgets for these and other F&l projects were nothíng more
i than paper barriers that were easily surmounted as the design work continued to generate more complex (and

L":*çIp"nsive) work.
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Until April 2O1.4,the P&M project teams for D20 and AHS were working without a reliable, integrated Level 3 Schedule.
Many on the project and throughout the OPG organization were given a false impression that the Campus Plan Projects,
and D20 in particular, had a year of float, and so on-going delays had no impact on the Project. The delays to D2O
Storage's schedule were not forecasted by the project team and were simply reported after the fact. By this point, the
schedule had already slipped so that engineering was on its way to an 18-month projected overrun of an original 11-
month schedule. However, without a resource-loaded, level 3 schedule, it was impossible to assess the status of the
project, let alone calculate with any accuracy any remaining float.

One of the strategic initiatives was implemented by the new P&M VP was to improve the projects' schedules. This
endeavor allowed the project team to see that D20 Storage was actually projected to be completed on April 26,2O16,
more than a year after the original April 15, 2015 deadline. Furthermore, once known risks are factored in, it is likely
that the D20 project can only achieve this revised date if some of the schedule durations are accelerated-at an
additional cost. Even then, these efforts will not improve completion of the schedule by much, but will increase the
probabilitythattheApril 2016datecanbemet. However,noneofthiswouldbeknownifeffortshadnotbeenmadeto
improve the schedule.

_ :...:: , i,,l..,.,.:i:¡:iì

Based on our observations, it appears that all P&M's identificatÍon of risks is a "check-the-box" activíty due the fact that
having a list of risks is a prerequisite to obtainíng a funding release. P&M does not actively manage its on-going risks as
a part of an effectíve risk management program. As an example, the risk sections of the D20 and AHS BCSs consist of lists
of potential risks and some evaluation of their nature, but it is not apparent that these rÍsks in any way influenced the
calculation of these projects'contingency, nor are there any regular reviews or updates of these risks until required to
do so in order to pass a gate and obtain a funding release. once a project obtains full funding for execution, very little, if
any, attention is paid to day-to-day risk management, including the ongoing ídentification of new risks and opportunities

j "t 
well as the formalízed implementation of rísk mitigation strategies. Additionally, there is no structured or defined risk

!*-ptogram management oversight (such as the NR Risk Oversight Committee).

A recent self-assessment performed by the NR Management Systems Oversight group (SA RF13-000855 dated January
20, 20L4) identified perceptions (opinions) of several P&M managers that included the following: "ID]evelopment and
use of a Risk RegÍster is seen as purely administrative and not adding value to the Project Managers." This suggests a
lack of understanding of the value of a risk management program or lack of acceptance, which can be addressed by
effective training and indoctrination. However, risk management training is virtually non-existent in the p&M
organization in distinct contrast to several years ago when quarterly workshops were regularly conducted.

i.-t:','zi'irJ<,:rti.it:i - î.)t: l:t¡',;.'i.ii t::,;:r.,;ti t't¿tr::
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o OPG needs to examine staffing and resources. Currently, there is only one dedicated cost estimator for
all of P&M's work. The DR Team has already taken action to increase staffÍng levels and add
experienced personnel, and P&M needs to do the same.

Proiect Reporting must be accurate, timely and convey information cr¡t¡cal to senior management for
decision-making - As noted, the reports P&M provided to senior management on the Campus plan projects
were inaccurate and not updated ín a timely manner to enable prudent decision-making. Our examination of
P&M's reporting shows a general desire to produce large volumes of surface-level reports that are completely
inadequate for managing the work, all the while P&M ignored such critical metrics as an accurate Estimate at
Completion (EAC) and detaif ed schedule of work. Any tendency to "turn everything green" when such is not the
case must be resisted - prudent management of complex projects requíres full transparency and visibility of
anything that is not going well so it can be addressed and fixed. P&M and the DR Team need to increase the
focus on accurate, concise reporting with an emphasis on forecasting.

P&M needsto breakdown the silos-Allof the Campus Plan Projects are being performed bytwo contractors.
However all of the Campus Plan work has been managed as 26 separate projects. All of the project
management functions-i.e. schedule, cost and risk need to be managed through an integrated approach so
that resources and management focus can be applied appropriately. We recomrirend that p&M look at its
organizational structure to optimíze the ability of its project managers to have more direct accountability. This
may require more and different resources.

Cámpus Plan Prgjects wÍll require a full rebaseline of cost and schedule - lrrespective of when these projects,
ne es_occur, each of the Campus Plan Projects and, likely, each of the P&M non-Refurbishmeñt pfòjéòtblat
DNGS and Pickering, will require a full, bottoms-up rebaseline of costs and scheduleç"{ Wíth the examples cited
herein, BMcD/Modus cannot ascrÍbe any confídence to any project estimate that was developed by p&M's
former regime. Bill Robinson has made this commitment and appropríate focus will need to be applied. p&M

to perform this reforecast on an urgent basis

With respect to the Refurbishment portion of the DR Project, BMcD/Modus's monitoring of the BOp work to date shows
that OPG has spent considerable time and effort in a robust scope definition process that addresses most of the external
OPG stakeholder-dríven scope issues in a manner that is consistent with the DR Project's charter. The DR Team has
embedded in the organízation a Director of Maintenance and.a team to work our operational concerns and has an
independent Design Authority. Moreover, as stated, the DR Team had already acted to safeguard against some of the
problems seen in the early Campus Plan Project, notably; (1) the DR Project's institution morethorough scope definition
to contractors Via the MDPs the engineering team developed was a direct consequence of the OPEX from D2O Storage

m over a year ago; (2) it ís also apparent to us that while the DR Team had started down the same management path
as P&M, it was able to put on the brakes and change course at a much earlier stage. Nonetheless, in light of our review
of the Campus Plan Projects, we recommend that the DR Team perform a detailed self-assessment that considers the
ways in which the Campus Plan Projects managementfailures might apply to Refurbishment.

lll. RQE Preparation

With this report, BMcD/Modus wíll begin a dedicated sectíon for assessing the status of the DR Team's activities that
specifically lead to the development of the RQE budget and associated schedule for the October 15, 201-5 deadline.
With respect to RQE planning, the DR Team has started its specific planning efforts, though soon there needs to be a
greater focus on the specífic deliverables, the timing of their preparation and a thorough understanding of how the
many components will be compiled into a comprehensive estimate. Project Controls has named a manager for this
effort and an activity schedule is being developed for incorporation ínto the Project's plan.

The most ímminent upcoming RQE-related tasks relate to the development of the 4d Release Cost Estimate for the 2015
Business Plan ("4d Cost Estimate") that will be prepared for the Board's approval at the Novem ber 20L4 meeting. The
4d Cost Estimate effort should also provide a template for many of the activities needed for RQE. ln this section, we will

t-t: *li ;iç:rz|:it¿i -- I.7t) i\r)t'. 1)i*çarrún ;:1. r,z
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ln accordance with recommended industry practices, construction project costs should be periodically evaluated and
updated in order to develop reliable estimate at completion ("EAC") forecasts. Planning for cost forecasting establishes
the timing of forecasts, how forecasts are communicated or reported, methodologies and systems/tools to be used, and
specific roles and responsibilities for forecasting. EACs should be prepared and issued on an established schedule that is

appropriate for the pace of work on the project.

The development cycle of an EAC typically follows a set process with standard guidelines for the project team to follow.
For instance, one step would be to review and rigorously vet contractor cost reports to understand the development of
costs versus current budget, planned and actual productivity. Based on our review of five (5) Campus Plan Projects, it does
not appearthat Facilities and lnfrastructure ("F&1") useà a set process or guidelines to govern EAC development. When
we interviewed the project teams, we discovered that each teani was following its own EAC process, indicating that there
was neither visibility to cost increases nor internal cost control.

To understand the impact to the project costs and EAC process, we compared the current EAC to the last approved BCS

to identify the magnitude of cost increases. The following chart illustrates the cost increases on the projectsl:

Overall Cost Variances between the Latest BCS and the Current EAC on F&l Projects
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D2O Storage & Drum Handling

Auxiliary Heating System

RFR lsland Support Annex

Water and Sewer

186%

87%

25%

26%

We then analyzed the project documents to identify the categories of costs behind the increases identified on each of the
projects as described below. We also interviewed the project teams to understand their EAC process.

D2O Storaee & Drum Handline

Our analysis of the RFR lsland Support Annex estimates yielded the following summary highlights:

o On this project, nearly every cost category of work has increased considerably ranging up to +537% above
approved gate funds, with the exception of Phase I engineering design and award long lead procurement which
was contracted on a fixed price basis.

o Engìneering work is 82% complete overall versus a planned completion of 1,00%;48 of 84 ECs have been issued in
Passport. Engineering is forecasting that all ECs will be completed by early November 2014.

1 The chart contains only 4 projects because Retube Waste Storage is not included; this project has not progressed beyond the
definition phase.
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Page B of11. Housekeeping: This is a leading indicator of Safety. This standard needsto be maintained early

duringthe refurbishment, and on an ongoing basis, which will help keepthe site in a "safety

conscious" mind-set. However, this is bigger than just refurbishment and the station's lay down

areas. The station willstill have operating units and the world class standards must be applied

to the operating units. The standards need to be clearly defined between Refurbishment areas

and the Operating Units.

12. Project Controls and Authority Level: lntegrity and accountability are key components in

managing projects and maintaining job scope. Clear spending accountability with respect to

decision making needs to be defined. A clear definition of what a "Scope Change" really means

is needed ('additional scope' versus what is 'needed to meet scope'). A 51-00,000 limit if

drawing on an established contingency is currentlythe authorized amount forthe project

manager to spend, without additional approval. This limit should be reviewed and substantially

increased (in our opinion). Expenditures are likely to be much greater, and frequent. The time

required under the current process to obtain approval for expenditures will have a substantial

impact on critical path. ($2000 per minute is the estimated impact for critical path.) A support

mechanism should be in place to relieve the burden, other than initial notification to Senior

Management, to process and document the basis for these expenditures'

13. Risk Management: The current practice of removing the "topic" that is tracked in the risk

management program when the due date is exceeded, or deemed past due, does not address

the impact on the refurbishment. lt also takes away from the continued importance of the item.

When risk is not addressed, cost isthe result. ln addition, thefuture impact of that risk item

does not 'go away' even though the item is removed from the key risk item list. Keeping the

topic of risk on the risk management summary keeps focus on the issue, and provides input to

future actions and schedule.

a. The schedule does not include resource loading and the identification of handoff points.

The RCRB believes these present one of the greater risks to the refurbishment schedule,

but are not among the most important risk items.

b. Another potential risk is the new inspection ports to be installed on the Steam

Generators. The RCRB recommends that an independent group review the process and

the risk associated with installing Steam Generator lancing ports. (lnformation is being

collected to provide to the RCRB). Other high consequence items should be identified

and reviewed.

1-4. Project Reporting: The RCRB has seen a significant example where the metrics do not

accurately reflect the actual state of the project. Approximately half of the 2016 pre-

refurbishment year-to-date budget is not spent. The basis for this under spend is that work is

not done. However, the schedule metric also shows performance as 'green.' This situation does

notpresentthemostaccuraterepresentationoftheproject. Thispresentsanoptimisticviewof

the project, instead of a true reflection of the status. The appropriate methodology and

sensitivity for metrics, as well as the correct interpretation of the metric are critical attrib
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Chart 1

Unit Project and Program Contingency

4 Authorization of the use of contingency funds is strictly controlled through the Change

5 Control Board ("CCB'), which requires an explanation of the risk or uncertainty element that

6 has been realized and a robust approval model that requires escalation for use of any

7 contingency funds. Additional information regarding the CCB is found under Ex. D2-2-9,

I Attachment 1.
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19

4.2 Unit 2 Gontingency Amounts

Of the total $1.78 of DRP contingency, $694.1M is attributed specifically to the Unit 2

refurbishment and forms part of the forecast cost of Unit 2 refurbishment. This includes

$339.0M of project level contingency and $355.1M of Program level contingency, which

together represent 14.4 per cent (7.0 per cent and 7.4 per cent respectively) of the total Unit

2 in-service additions lor 2020.

Allocation of the total contingency across the four units was based on 'risk exposure

windows', which refers to the anticipated timing for when the risks or uncertainties would be

realized and associated contingency costs would be incurred. ln allocating contingency to

Estimate
Classa

t
Contingency
($M)

Program
Gontingency
($M)

Total
Contingency
($M)

Project

6172 236 381RFR
218Turbine Generator 2-3 195 23
202 20 0Steam Generators

3 25 38 63Fuel Handling and
Defueling

3-5 230 0 230Balance of Plant
76F&lP and SIO 1-3 42 34

N/A 58 222 280Project Execution and
Operations and
Maintenance

0 202 202Unallocated Program
Continqency

N/A

$0.88 $0.e.8 $1.78Total Continsen ß8I.,.

a See section 2 of Ex. D2-2-8 for further information on estimate classification
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¡ Mischaracterized the nature of these estimates by assuming anything provided by a contractor was at a very
high level of maturity (Class 3/2) when such estimates were based on conceptual (at best) engineering, meaning
these estimates could not have been better than Class 5 (-50% to +100%) in nature;

. Failed to establish accountabílity standards for the contractors;

o Failed to identify or mitigate known risks;

. Did not effectively react to problems when they materialized and accurately and timely report the extent of cost
overruns, schedule delays and scope increases to senior management;

¡ The P&M Team did not seek to lock down the scope at start of this work and allowed the "customer" -
Operations and Maintenance - to make significant changes to the design that were not properly understood,
quantified or captured in subsequent reports to senior management; and

o The ESMSA contractors contributed to the problem by not transparently reporting or timely identifying how
these projects were evolving and failing to provide any reliable metrics-cost, schedule or otherwise - that
informed OPG of these brewíng problems.

2, 1;:r,lit:;lt',,:t: l:rrt}:r,;t;.:; - *'.Li't li'i.:.::;:i',* t:,;:;.) i.,"':::til:;;:."t; i'ir-:it'r.

ln our analysis, BMcD/Modus examined five separate projects in detail, and each exhibited some or all of the
management issues to some extent. Attachment C is a brief summary of each of these projects'cost overruns.

The management failures we observed were most evident and acute with the D2O Storage and AHS projects. These
projects were the "pilot" EPC projects for the ESMSA contractors

Iln both cases, P&M sought the Board's full funding approval at a point when very little design was done, only to
have to later seek additional funds from the Board once design had matured.

i)1" T?tr îí;¡'.:'t¡:,t4 Tt;:ltlt;'t lT:.:;l:.2't:t::,'ti:':;;, T, i;.t:,:t;i;

P&M's management failures can be seen throughout the planning and execution phase of the project. Notable from
OPG's initial negotiation and acceptance of bids for this work is P&M's mischaracterization of the vendors' estimates in

the approved Business Case Summaries ("BCS"). ln AUgUfT ?Q11,QPG produced a BCS for D2O Storage that estimated
its cost at 5210.6M,
2OI2, the estimated

At the project's next gate in June
cost had dropped from $Z1OV to S108M. However, BMcD/Modus could not find any attempt by

P&M to rationalize or otherwise explain how the cost estimate for this building was cut virtually in half from one
approval gate to the next. Moreover, the estimate for design and construction was S52.2M, which P&M characterized
as a "Class 2 Estimate" despite the fact that at the time of the estimate, Black & McDonald had little experience with this
type of construction and had performed no engineeríng or scope definition 'llhus, this estimate was more likely a Class 5

Estimate. ln retrospect, it is likelythatthe initial $210M estimate was more accurate; however, it is certainly clearthat
the approved S108M estimate should not have had any greater accuracy attributed to it, since it was not based on a

significantly greater level of project maturity. Likewise, the AHS BCS was termed a "Class 3" Estimate, though it was
similarly immature

This estimate classification drove P&M to vastly underestimate the amount of contingency associated with each
package. There is no evidence that P&M engaged in the type of vetting of the estímates that we would expect on
projects of these size and importance. From intervÍews with the current P&M staff and the contractors, it appears that
these initial BCS estimates were poorly characterized as part of a deliberate management strategy directed by the
former VP of P&M. P&M's managers told us that the contractors were challenged to reduce their bid prices and remove
all contingencies for unknowns, despíte the extreme immatu rity of project definition underlying their respective bids. As
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The D2O Storage project's cost estimate and schedule remain very much in flux at this time. Since our 2Q2OL4 Report,
despite the ongoing efforts of Black & McDonald, Faithful + Gould (the DR Project's estimating team) and the P&M
team, the project estimate for D2O Storage has continued to increase, adding approximately 25% in estimated cost since
that report. lmportantly, the estimate was not deemed by OPG management to be of sufticient quality for presentation
to the NOCforthe upcoming Board meeting. Approximately half of the D2O Storage estimate has not been vetted by
OPG at this time because Black & McDonald had not provided the poftions of its estímate related to fixed-price contract
work by its third tier construction and first tier engineering subcontractors. Moreover, the status of the value
engineering and constructability reviews P&M requested Black & McDonald to perform is uncertain. As such, the issues

with the accuracy of the current cost estimate call into question whether Black & McDonald and its subcontractors have
liable detailed schedule for the work, as the estimate and schedule go hand-in-hand

Thè current target date in the DR Project's sch ble For Service date is August 31,2016, whiçlr

assumes an acceleration plan that shaves 4 % months off a current projected completion oî January t8,2Ol-'7 thãt was
derived without acceleration. ¡Black & McDonald's acceleration plan embeds productivity and performance risk, and
even if successful the resultant August 3L,2016 date may prove to be a challenge for OPG to support Unit 2's Breaker
Open of October 15, 201.6.

There ís also continued risk in the D2O Storage schedule until final detailed engineering is completed and all of the
potential value engineering and design simplification measures are finalized. Black & McDonald's design subcontractor
RCM Technologies ("RCMT") reports that its work is over 80% complete, though this estimate is suspect in that there are
more than 20%of the design packages outstanding and RCMT projects a design completion date of February 19,2015.
The DR Team has exarnined the earning rules used and determined that RCMT's calculation of earned value was not
aligned with OPG's; this alignment is in process. Any changes to the building could further delay engineering such that it
may not be possible to simplífy the desígn and still meet schedule. RCMT has also stated that it ís out of funding for
engineering under the current release.

The D2O Storage schedule suffers from the same transparency issues from'Black & McDonald's subcontractors as the
cost estimate. Black & McDonald's subcontractor Ellis Don's schedule for the concrete and civil construction cannot be
verified against its cost estimates because its sub-contractors' pricing is based on fixed-prices that Black & McDonald
has thus far refused to provide to OPG. Also, procurement activities need to be scheduled and verifíed with some level
of confidence that currently cannot be associated with RCMT's efforts.

ln our experience, a successful acceleratíon plan of this magnÍtude must be well-planned and coordinated, and the
schedule for the work needs to be reliable with full buy-in from all needed stakeholders and contractors. There are
currently a numbêr of challenges with the D2O Storage project that will bear on the confidence in the schedule,
regardless of which completion date becomes.the target. As of this writing, P&M's new leadership Ís considering the
next steps for D20 Storage.

t*' &'*xi\í;xry t4esZ

Thê'cuileht March 26,2015 Available For Service date for AHS is virtually at the start of the Vacuum Building,.Outage
("VBO"). As with the D2OStorage above, the contractor (ES Fox) has incorporated acceleration in the form of a two shift
schedule for piping and electrical work beginning in August of 201-4. This acceleration of the work provides no float or
cushion for the VBO, which is a critical milestone. ES Fox recognizes that this schedule is very tight and has little room
forfailure or delay. ES Fox has raised concerns with the pace of OPG's design approvals and final acceptance of vendor
drawings, which could further risk the timeliness of the schedule. OPG has embedded Resident Engineers with the
Hatch/Sargent & Lundy ("H/SL") design team to respond to íssues through the completion of AHS engineering.

{-t: :t'iid*r*} ai - } e¡ ?4r:1. * ts'tezr'.ir: aiç
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We also meet almost daily with members of senior management, Engineering and the project teams for RFR and BOP to

monitor project cost and schedule status, engineering progress and project planning for these high-risk activities.

Additionally, we continue to meet monthly with the Refurbishment Project Executive Team ("RPET") and weekly with

the DR Team's Management Systems Oversight group to discuss the recommendations we have made in these Reports

to NOC in order to engage in discussions of appropriate OPG management actions. The DR Team continues to provide

its cooperation and transparency to our oversight efforts,

lll. Campus Plan Update

A. Overview

TheCampusplanprojectscontinuetohavescheduleandcostrisk(particularlyD2Ostorage). Scopedefinitionofsmaller

Campus projects may continue to reduce management reserve and contingency. Over the last year, the Campus Plan

projects, excluding D2O Storage Facility, have incurred approximately 20% cost growth overall. While these projects are

generally smaller in size and, in aggregate, represent -5% of the program cost, their success remains important to

Refurbishment. ln addition to D2O Storage and AHS, some Campus Plan Projects that have received partialfunding are

showing signs of scope creep and schedule issues; OPG is actively monitoring and mìtigating these issues to the extent

possible and has increased the effectiveness of its regular meetings with the ESMSA contractors and associated metrics

are intended to root out problems before they increase in in severity

The DZO Storage Facilìty remains the principal focus for P&M due to its size, growth, lack of predictability and

importance to Refurbishment. OPG is currently estimating the st of the D20 Storage Facility to be S373M, an incrçase

of S263M from the full funding release request in May, 20L The on-going performance issues with the principal

contractor, Black & McDonald have diverted managemeht attention from the other projects. While the work needed to

replace Black & McDonald and mitigate the impacts will require an intense effort by P&M, the change in course for D2O

Facility should have an overall posltive impact on P&M and the F&lP work.

Major Campus Plan Projects -

1. D2O Storage FacilitY

On October !6,2015, OPG terminated Black & McDonald that its purchase order for the D20 Storage Facility' This

termination was limited to D2O Storage Facility; Black & McDonald is expected to continue with its remaining purchase

orders for both p&M and Refurbishment, though OPG had previously announced its intentions to restrict or reassign

much of that work to other ESMSA contractors. Under the provisions of the ESMSA, OPG has also provided a written

notice to Ellis Don.that OPG will be assuming direct control of its subcontract to continue work in the field on the D2O

project. For the time being, the work will proceed on site according to the current schedule while the DR Team considers

the next step.

ln light of the termination, OPG will need to reassign or rebid the work to another contractor while it develops a

mitigation plan capable of draining the water from Unit 2 with minimal impact to Refurbishment. OPG will need to

devote significant attention to vetting the new plan so that it is developed with sufficient quality to meet the needs of

Refurbishment. The DR Team has assigned a team consisting of appropriate Engineering and Operations & Maintenance

personnel to develop options for an alternative approach that will allow the DR Project to meet the breaker-open date

for Unit 2 in the event that D2O Storage is not complete. Such a solution should be properly planned and made ready

for execution with a mature a Class 2 level cost and schedule on the assumption that it could, at some point, be the only

alternative for storing water from Unit 2,

OPG is currently considering its available optÌons and is developing a revised business case for proceeding' We

recommend that OPG consider the following options in its business case:

¡ Reassign the D2O work to one of the other ESMSA contractors (ossuming there is onother ESMSA in ploce with

capacity to handle the work) through either direct award or a secondary compete process. The new ESMSA

B.
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t, Vendor Performance lssues

We have ongoíng concerns, shared by the DR Team, regarding ES Fox's bandwidth to support the volume of the upcoming
work on the DR Project. These issues are acute at this time as ES Fox has a number of "in-flight" P&M projects while also
being required to support planning efforts for multiple Refurbishment projects. Our comments regarding ES Fox's
schedulíng and cost estimatíng capability have been discussed in prior reports,

ln addition, ES Fox must prepare approximately 45 separate project estimates for BOP and Shut-Down/Lay-up
Refurbíshment projects prior to RQE and oversee the final development of the associated detailed engineerihg packages
from íts engineering subcontractors. The Refurbishment BOP and Shut-Down/Lay-up directors have tasked ES Fox with
developíng estimates and schedule pilots that will be used as a template for the remaining estímates; these pilot estimates
and schedules are under review.

The OPG executive team has escalated these issues to ES Fox's senior management, from whom OPG has received
assurances that ES Fox intends to strengthen its capability by adding core team members for project management, project
controls and other needed positions. ES Fox's actions bear watchÍng, as their ability to complete these critical Campus
Plan Projects while simultaneously supporting the planníng of BOP and Shut-Down/Lay-up work for Refurbishment is a
growing risk to the Project. The DR Team should continue its efforts to evaluate its needs from ES Fox and continue to
hold them accountable for making necessary changes to support this work, and consider if there is an opportunity to
balance work amongst the other ESMSA contractors.

2. Major Campus Plan Projects

D2O Storage Facility

The DR Tearn has prgpared a. Superseding Busíness Case Sunrmary ("BCS") recommending an additional Éelease of
S270.9M, including f of contingency, with a projected total cost of $381.1t1fi The BCS examíned four alternatíves,
íncluding slowing down construction at different points and abandoning D20 Storage entirely. The BCS also considered
and establíshed the basis for an alternative plan to draining water from Unlt 2 in the event that D20 Storage constructíon
ís further delayed, and the DR Team has established trígger dates for proceeding with the alternate plan in sufficient tíme
to procure temporary tanks and other material if needed. BMcD/Modus believes the BCS has appropriately considered
the reasonable options at this time and provides a basis for justifying the decísion to proceed with the best available
option, completing D20 Storage based on the original design in time for Refurbishment.

With S123.1M spent to date, the remaining cost to complete is estimated at S258M, of which approximately St+OlVl is
estimatedforthenewcompletioncontract. Asofthistime,theawardfortheMEPcompletionof D20storagehadnot
been made, as the OPG team is considering whích of the ESMSA contractors should be awarded the completÍon of the
work. ln any event, the contract needs to be awarded and progressed by mid-March so that the selected contractor can
begin píping prefabrication, procurement and further development of its execution schedule. The P&M team has
committed to following Refurbishment's earned value and project controls processes for D20 Storage, whích will provide
a good proving ground for these processes for Refurbishment as well as significantly improved controls over P&M's past
practices. ln addition, P&M has added management resources and has established weekly progress meetings to focus on
P&M's management of the work.

Based on the current D20 Storage schedule, the revised plan appears achievable, though with all of the issues to date,

tow Moderale Hish
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development of CWPs. The DR Team has placed a goal of having BOP projects proceed to their Gate 3 between late

November 2015 and January 2016. To do so, ES Fox will need to complete the detailed level 3 execution schedules,

Class 2/3 estimates and Construction Work Packages to support these gates. To meet these goals, the BOP team has set

interim milestone dates with ES Fox for these deliverables whích will be regularly pulsed by the team.

Fuel Handlins/Defuelins:

4D Estimate Value - FH & Defuel The DR Team has received and accepted vendor Class 3 level estimates for RQE based on

completed engineering from GE/Hitachi. Cold commissíoning is ongoing for Fuel Handling

system modifications, and while performance indicators had been lagging, recent progress

has dramatically improved overall schedule performance. The recovery plan has also

allowed the team to advance plans for testing and training. These recent improvements

should allow for a better understanding of the critícal path project durations and

performance risks

Campus Plan Proiects:

4D Estimare Vblue - F&lP The overall performance of the most significant Campus Plan Projects - D20 Storage,

Auxiliary Heat System ("AHS") Building, and Emergency Power Generator 3 ("EPG3") - has

contínued to be impacted by ongoíng issues wíth poor ínitial estimates and scope definition,

síte conditions, contractor performance and OPG oversight.

o D20 Storoge - OPG issued a purchase order to SNC/Aecon on July 31-, 20L5 that
covers the mechanical, electrical and civil/structural work from grade. SNC/Aecon hab

provided an estimate and schedule for the work that still needs continued development.

SNC/Aecon initially submitted its cost and schedule proposal on April 9, 2015 though it was

rejected by OPG due to a number of unacceptable commercial and scope exclusions.

SNC/Aecon revised its submission on July 8, 2015 Íncluding an estimate proposal of S148M, an increase of $8M
from the príor submission, with a Class 3 bandwídth. OPG's estimatíng team issued approximately one hundred

comments to which SNC/Aecon agreed to respond; to date, these have not been fully addressed. While it was

necessary for P&M to release this work to SNC/Aecon, it is important SNC/Aecon complete and fully submít its

estimate for RQE so that OPG can properly essess risks of performance and potential costs. The Refurbishment

Estimating team is supporting P&M in completing the vetting of the details of SNC/Aecon's estimate to
determine whether it is of sufficient quality to meet contractual requirements and allow for OPG's essessment

of risk and contingency. This ís needed to support RQE.

Ellis Don continues to perform the underground civil wor( includíng foundations, dyke walls and closure slab at

grade. Currently, the schedule (dated August 4) shows Ellis Don is 57 work days (82 calendar days) behind Ín

meeting the key milestone for setting of the D20 tanks. On August 6, the D20 Storage team identified a partial

recovery of approxímately 15 days (to January 13'h) of this milestone through resequencing of the work.

However, at Ellis Don's current pace (SPl is 0.58), it is likely that these dates will contínue to slip. lf this work

cannot be recovered, it will significantly compress SNC/Aecon's work and could impact Unit 2's need to use the
D20 Storage tanks for moderator and primary heat transport drain after breaker open. OPG needs an execution

schedule for D20 Storage that can be executed by the performing contractors based on the current

understandíng of the work, realistic projections based on field productivity to date, and which accounts for the
limiting factors in the construction of the building.

We have recommended that P&M assess these risks using SNC/Aecon's estimate and schedule and revisit the
business case to confirm whether the path chosen for execution is the most prudent course, and whether the
team should revisit options for temporary storage of Unit 2's heavy water. lt is notable that SNC/Aecon

Hl¡h
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1 conceptual design and associated cost estimates that did not match the complex

2 requirements of the project needs. While cited as a Class 2 estimate, this was not the casd.

3 For example, the conceptual d not include the amoun g, e ino

4 , requirements and vapour recovery systems required to meet operational and environmental

5 requirements in the final design. The current project budget of $381.1M as set out in the

6 , superseding BCS dated March 2015 reflects required project scope and costs as the design
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now properly incorporates the engineering, design and safety requirements to address the

need and complexity of the project. Therefore, the superseding BCS (see Attachment 1, Tab

1) provides the relevant and appropriate basis for evaluating the costs associated with the

scope of work that is required for the Heavy Water Facility project.

The changes in the forecasted project costs are primarily associated with progressing from

conceptual design requirements to detailed design requirements to ensure the proper design

and functionality of the project. Design concerns were raised by OPG and independent

oversight at the initial stage of the project, with work not having progressed beyond site

preparation. OPG took definitive steps to become more actively involved in the facility's

detailed design to ensure the proper scope. This included co-locating OPG engineering staff

with the contractor's design team.

Ultimately, OPG determined that the contractor's performance on this project was

unsatisfactory and in October 2014, terminated the Heavy Water Facility purchase order for

default. OPG assumed the role of general contractor for an interim period while it secured a

new contractor. The SNC/AECON JV has now been awarded the contract to complete the

project.

The changes in project cost are design related to ensure a scope that matches the need and

do not reflect any significant reworking or reconstruction of facilities. The increased project

budget reflects true project costs as the design was further developed.

Design changes included the following
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BMcD/Modus next explored the relative effectiveness of the gate process for this work, and found that while the
process in concept is a good one, it suffers from problems in execution. The BCS documents for D2O Storage and AHS

were inconsistent in presentation of key information on cost, risk and scope. As these projects progressed, P&M's
management failed to provide visibility to OPG management of the extent or nature of project cost increases. Most
notably, P&M failed to update its project reports during the design phase to reflect cost increases due to scope changes
in the projects.

AHS provides a critical example. On November 12,2012, P&M presented its Gate 3A package for approval and full
funding release (except for a small portion of costs to be approved in 201,4). The P&M Team's gate presentation
characterized the AHS cost estimate as a Class 3 estimate in the amount of $45.6 'M. P&M included ! of
contingenry in the 545.6M estimate, of which lwas identified as having a 100% chance of occurrence. P&M
expressed an "85Yo confidence level" in this cost estimate and assessed there were ldays of schedule contingency in

the estimãte-despite the fact that the full scope of the project was not known at that time because detailed
engineering had not started. The option of building a new AHS was preferred over seven alternatives, based primarily
on the projected cost. Atthetime of this gate, the project had spent $1.46M.

Between this gate and January 2014, ES Fox engaged in the design of the AHS, scope changes caused the cost to increase
from the inltÍal S45.6M estimate to $79.9M. This cost increase is largely attributable to two causes: (1-) remediation of
contaminated soil that as of the time of bid was known by both OPG and the contractor to be of poor quality; and, (2)
prescriptive design requirements that served to make a stock steam boiler design follow nuclear Engineering Change

Control (ECC"l processes, which caused an increase in the size, complexity and nature of the work. Moreover, these
design requirements and the overall length of the design phase, coupled with the soil issues, has fríttered away virtually
every day of float.'

The fact this project had so substantially changed from the original BCS was not accurately or timely repofted to
management. The failure of the gate process was that the Gate Review Board members did not provide adequate
oversight in ensuring that the AHS project team had a reliable estimate, schedule, and well-defined scope prior to
approving the gate and recommending a funding release. As of January 201,4, P&M had already expended nearly $20M,
or more than half the approved budget excluding contingenc,¡i, even though the design was not complete and no
construction had begun. However, during this entire time, P&M's estimate at completion ("EAC") in all of the DR

Project's and Campus Plan reports nevervoried from the approved BCS amount. Moreover, the DR Project's Program
Status Reportfor March 201-4 showed the AHS aI 49Y" spent with a CPI of 1.10 and an SPI of 1-.0, clearly not an accurate
representation of the Project's status. Part of thisfailurewas based upon some of the P&M project managers'mistaken
belíef that the reported EAC amounts should not be changed until additional funds had been approved for the projects.

This lack of accurate reporting has deprived senior management and the Board the option of revisiting the original BCS

analysis in order to determine if building a new AHS facility continues to be the preferred option-and if not, change
course. This is particularlytrue in light of thefactthat as of November 2ol2,three of the competing options to buildíng
AHS were priced at less than S50 M.

D2O Storage provides a very similar example at a much higher overall cost. The cost variance progression from D2O

Storage began with an original approved BCS of S110M, based upon estimated contractor costs of approximately $77.8
Million. The ES Fox team and design solution were both preferred but Black & McDonald was chosen entirely because
its price was S:OM less even before P&M further drove Black & McDonald's estimate down.

D2O Storage's engineering effort was originally scheduled for l-l- months, and was supposed to be completed by July
2013. However, even today, engineering is not complete and is projecting to extend to a total duration of 29 months.
The P&M team provided sporadic updates to the design milestones as they contÍnued to be missed butfailed to convey
the potential consequence. ln August 2013, P&M reported that CNO Milestone 73472M0015, "D2O ModÍfications -

1... r; r t { i ¡,1' r: r t 1. : ;:tt 1}': >'fi : : 1:. Ll i ; :; tt: : r: i r'¿ ¿,t i. ti:

í,t ;: ía tz i. t: I Z?.May 13,2OL4



rffi¡vroDUS
YY Srta to gi"€"lu l-."" cANAoA

Filed: 2016-1 0-26, EB-2016-0152
Exhibit L, Tab 4.3, Schedule 1 Staff-072

Attachment 6, Page 7 of 18

Report to Nuclear Oversight Committee - 4Q20L4

Darlington Nuclear Refurbishment Project

contractor would have to quickly mobilize, take possession of all purchased materials, plan and schedule the

work, subcontract off-site prefabrication and other work, and perform on an accelerated basis in an attempt to

complete the building prior to Unit 2's breaker open (or as soon as possible thereafter). The alternative

approach will be used only as a mitigation strategy so as not to delay breaker open; or

o lssue an RFP to quølified contractors thøt assumes on aggressive schedule in order to complete the work as

quickty os possible. Again, this option would require quick mobilization and acceleration costs. Bid evaluation

will be based upon rate sheets, overhead, supervision costs, fees and potentiallythe bestconstruction plan, but

the bid period will be short so that a full schedule and estimate of the work cannot be developed and evaluated

as a part of the bid. -lhis plan would allow negotiation of a project-specific contract that would incorporate

appropriate milestones for developing cost and schedule as well as incentives and disincentives for contractor

perform ance

. /ssue 'on 
RFP to qùolified controctors ossuming that the completion milestone will be extended for a reosonoble

amount of time ollowing for a true "competitive bid" process bosed upon completed engineering. ln this

scenario, OPG would implement the mitigation plan to drain the water and complete engineering and some of

the current excavation work. Once engineering is complete, the project can then be re-bid on a competitive

basis, seeking both a realistic schedule and prìcing for the Project. This would also gìve OPG time to re-examine

the needs for the D2O Storage Facility and decide whether the design properly addresses that need, and

whether the cost is justìfied based upon a sound business case. This scenario may also allow OPG to achieve

some of the value engineering solutions for reducing the D2O Storage Facility scope in a less compressed time

frame,

While the design work is largely complete, the first and second'options will require quick action for another contractor

to assume the work, develop a cost estimate and schedule and re-plan the work effort to minimize lost time. Such a

plan will likely include added costs for acceleration, and even with those added costs, the new contractor may not be

abletocompleteintimetosuppottbreakeropen, Moreover,whichevercontractortakesontheworkislikelytoinclude
a premium in its price due to these circumstances. The third scenario could provide OPG the opportunityto establish

the true cost of the project (whether or not the design changes) in a competitive bid environment, and to show that the

cost increases are reasonable and based upon increased scope, lt may also enable OPG to seek a different commercial

arrangemehtforitsconstruction, Thethirdoptionwouldhavethe.disadvantageofOPGhavingtoincuraddedcarrying
costs, which could actually make this option cost prohibitive, but it should be evaluated as a part of the business case.

Under any scenario, completing the D2O Storage Facility to suppoft the staft of the Unit 2 Refurbishment has a

considerable amount of risk and the option OPG chooses to procure the completion of the building needs to fully

account for those risks. Thus, having the alternative solution for draining the water from Unit 2 should be assumed for

any modeled scenario, and we would recommend management establish a well-defined decision point appropriately in

advance that specifies the direction the team will take ìf ongoing construction work on D2O Storage Facility cannot meet

the needs of Unit 2's schedule. That plan needs to consider long lead items, approvals needed from external

stakeholders and impact on operations, at a minimum OPG is reviewing its options at this time, and is preparing a

revised business case that should consider these and any other reasonable scenarios for the Board of Directors' review'

2. Auxiliary Heat

The Auxiliary !{eat System ("4H5")originally was scheduled to be in service prior to the start

sçhedule fo¡ commissioninçthe new.Auxiliary Boilers shows,an in¡ervice date.of May 25,20t
original trrg"{, P&M management has pivoted its focus on the likelihood that the new AHS will not be available for the

start of VBO. The existing boilers will remain in place until the new AHS is available for service, which will meet OPG'

needs for VBO. The remaining issues are with the AHS's cost and schedule predictability. As noted, ES Fox has also

agreed to deliver to OPG its full estimate for AHS and is working with OPG to further refine its schedule. ES Fox is already

working two shifts on the critical AHS work in an attempt to recover as much time as possible. The P&M team is

evaluating ways to shorten commissioning and start-up and staging release dates for the equipment.
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completion of the building will require close attention by the DR Team. Once the contract award ís made, we recommend
lly vet the schedule andthe p&M team: (1) re-evaluate the project risks based on the revised execution model; (2) fu

earned value set-up; (3) apply the project controls strategy to the completion of the foundation work.

Auxiliary Heat

As noted, the work on the Auxiliary Heat System Building ("AHS") was impacted by ES Fox's safety stand-down following

two separate safety incídents. AHS is also impacted by the change to the Vacuum Building Outage ("VBO"). AHS was

initially planned to be commissioned before the VBO in the spring of 2015, though its completion was later relaxed because

wíndow changing. This completion date is too close to the start of VBO, and will require ES Fox to resequence its work to

recover this slippage. OpG is workíng with ES Fox to improve its schedule in consíderation of the shift in the VBO date.

The current EAC of $85.14M is being challenged by ES Fox, who has over 56M in change orders ($5M for engineering) that ¿

it has submitted to OPG. @nstruction was reported by P&M to be 45% complete, which needs to be verified, in particular

because ES Fox has spent TSyoofits EpC contract valuethrough February L,2Ot5 and ES Fox's SPI continues to deteriorate.

p&M needs to validate these figures, and needs to ensure that ES Fox is motivated to expend the needed direct field

labour to complete this project.

AHS also represents the first major Campus Plan Project to be commissioned with cooperation from Operations &

Maintenance. We would advise the P&M team insist ES Fox provide as much float as possible before VBO to allow for any

slips in commissioning.

Emergency Power Generator 3

EpG 3,s current performance trends are also e concern, and the Project Team is reporting the planned September 20]5

ín-service date ¡s at risk by as much as 2 months. ES Fox's performance indicators continue to deteriorate and the Project's

EAC is $96M, an increase of 58M since 4d. Eágíneering completion has been delayed to May 2015 due to vendors'

performance challenges. The p&M project team was readying EPG 3 for its final Gate 3, though these trends and ES Fox's

additional cost submissions and delayed schedule development have pushed thís gate meeting. The Project Team is also

carrying the commissionÍng of EpG 3 as a significant risk due to the complexíty of commissioning and confíguratíon of this

equipment.

p&M,s manegement has requested a full recovery plan from ES Fox, and the SVP of Projects has requested a focused,

weekly update to examine ES Fox's performance. Gíven the short timeline to complete this SIO project, ES Fox will need

to increase íts effort and improve its performance'

Ill. Other Focus Areas

A. corporate support

BMcD/Modus remains encouraged by the ongoing efforts by OPG's corporate units to support the DR Project. Among the
project Team's recent issues is highlighting its software needs for lT to implement needed changes, particularly for change

project controls systems needed for project. Large capítal projects often struggle using enterpríse level business systems

to support project needs, and recognition of the shortcomings of the current systems is timely. A simÍlar approach should

be pursued with other corporate policies; as previously discussed, tailoring hiring and talent retention processes for short-

tow Mod€rat€ H¡sh

ooooo
co3oecreasrng rno€atr4

Confidentíal - Do Not Disseminate
Page 8 of 9March t2,2075



0,t'5rt* OoTs

,0Y ¡¡oDUS
STRATEGIC SOI.UTIONS

F¡led: 2016-10-26, EB-2016-0152, Exhibit L

Tab 4.3, Schedule I Staff-072, Attachment 10, Page 8 of l5

Report to Darlington Refurbishment Committee
3q 2015 Darlington Nuclear Refurbishment Project

currently classifíes its estimate at Class 3, as the business case was premised on a Class 2 estímate, meaning that
additional contingency may be needed to cover the risks. P&M ís also pursuing options with SNC/Aecon to
further improve the schedule and sequence of the work. ln any event, this analysis must proceed so that the
risks of performance are adequately captured and monetized in RQE.

o 'YHS - The AHS pt"oject, whíeh has been su'bject to schedule delays and cost increases, is nearing completion.
The current schedule shows the work is 92% complete and construction testing of the systems has begun. The

'Fox have executed a fixed price amendmentto cover tþ.e outstanding costs that had been pending for several
months. The current projected final cost is S99.5M, whÏcn nas required a contíngency draw of S15M over the
approved S84.52M budget ín 4d. AHS has provided multÍple lessons learned that Refurbishment is taking into
account in planníng of BOP and Shut-Down/Lay-up work with ES Fox.

3 - Thls project must be completed prior to Unit 2's breaker open. Construction has been impacted by
issues with plant tie-ins and unforeseen underground conditions. Engineering of modÍfications to the EPG unit
are complete,.and ES Fox has provided OPG.with an estimate at çompletíon of Sttstvl (increased from $88M íñ
4d). The Refurbishment Estímating team needs to fully vet the details of the estimate to determine whether it is
of sufficient quality and represents a sound plan. ln addition, the schedule for construction requires additional
vetting to confirm the constructability and sequence of ES Fox's plan. These details need to be addressed before
the project advances to its upcoming Gate 3.

ln prior reports, we have commented extensively on the P&M team's structure and capabilitíes for managing the work.
P&M had previously committed to makíng improvements in areas of project management, project controls and risk
management through additional training and adopting Refurbishment processes, where necessary. These
improvements need to be accelerated to properly manage the remaining Campus Plan Projects to completion within the
RQE control budget. ln addition, we have raised the risk of ESMSA contractors' performance deficiencies. The step-up
in collaboratíon between the Refurbishment team and the ESMSA contractors has resulted in higher quality engineering
packages and project estímates. The vetting effort described above with SNC/Aecon's D20 Storage proposal provides an
example of the benefits that P&M has achieved. These same efforts need to be applied to all remaining Campus Plan
Projects, as necessary, to reduce risk of remainíng performance and attempt to properly characterize the risks of these
Projects to the Refurbishment program.

lll. Areas of Focus - RQE Quality

a

Esti mdte Cho racte ri zation

Confidential- Do Not Disseminate
Page | 7
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The process of validatíng and vettíng EPC cost estímates for the Project's bundles has followed the approved DR Project
RQE Cost Estimate Plan. The vendors presented the cost estimate packages to the OPG Project team in a multi-stage
progressive review process for comments and disposition. Among the issues covered at each review stage were scope,
COMS, schedule, identificatíon of key cost drivers, estimate basis, benchmark ratios, exclusions and assumptions, as well
as cost challenges on a number of issues, such as vendor PMT, indirect costs and productívity factors. Once the EPC

vendor completed the comments and dÍsposítion phases, and a final revised estimate was received, OPG's estimating
team then loaded the estimates into the US Cost estimatíng platform for analysis.

Once loaded into OPG's US Cost database, OPG's estimating team then vetted and validated the estimate data to
determíne if the estímate was accurate, reasonable and competitive to the desired classification; as well as, identified
any gaps in the documentation or methodology that may negatívely impact the qualÍty of the final estimate. The team
then performed a technical revÍew of the estímate from a scope point of view and proposed an AACE classification for
further review. The process is documented with review checklists. Another member of the estimating team performed

tow Mod€rãte H¡shooooo
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1. Budget Status

There are six active Campus Plan Projects in execution at this time with the Refurbishment Project Office ("RPO"), the RFR

lsland Support Annex ("RFRISA") and Replacement of BurÍed ESW PipÍng approachíng completion. There are two other
pre-requisite projects, the Auxiliary Heat System ("AHS") whích for budgetary purposes was reclassifíed as a Station

project though P&M is still managing the work. ì¡hr !t!'for AÞ15 are ho longer câr¡:ied in RQEf The other pre-requ isite

project, the Refurbishment Waste Processing Facility ("RWPB") is being performed by SNC/Aecon underthe RFR Definition

Phase contract and is not part of P&M's reporting.

We have noted in past reports that while the remaining dollars ínvolved in the Campus Plan Projects do not necessarily

have a sígnificant monetary impact to RQE, certain of the projects, most notably D20 Storage and EPG 3, remain a risk to
breaker open of Unit 2. These projects' completion dates have shifted over time and further delays could result in drawing

attention away from the Readiness to Execute plan. Overall, the entire portfolio of Campus Plan Projects experienced

576.3M in base cost growth from 4d to RQE, an increase of 9Yo, whích resulted in contingency drawdowns from the
allocatedbudgetamountsetin4d. P&MiscurrentlyforecastinganEstimatetoComplete("ETC")forallremainingCampus
Plan and Slo work of 5216,71-3,000.

2. Contingency

Based on the history of these projects, the velocity of change and the volume of remaining work, the 575.5 million in
remaining contingency needs to be closely tracked to ensure ít is enough to cover any remaining cost issues with
completing these projects. ln particular, D20 and EPG3 pose the greatest risk to the remainíng Campus Plan Contingency,

and EPG 3's final cost estimate has not been fully vetted and approved. P&M's change control process needs to be

monÍtored so that the use of contingency ís readily identified and so there are sufficient funds going forward. ln Sectíon

lll below we díscuss the status of these projects and describe some of the risks that could cause the base costs for these
projects to increase.

Fu¡¡cnorus

With the exception of Operations & Maintenance, the remaining functional groups that compose the DR Team jumped in

size from 4d to RQE. The non-Operations & Maintenance groups' cost estimates íncreased in aggregate from St.Zgg
(201-5S) to S1.538, an increase of 2O%. The largest gaíns were for the Execution Organization (48%1, Contract Management
(38%) and Managed Systems Oversight (42%1. Operations & Maintenance's budget decreased by from $1.L8 (20155) et
4d to 50.818 for RQE, a reduction of 27%. This reduction was due primarily to identification and removal from the DR

Project of non-Refurbíshment OperatÍons & Maintenance costs.

The DR Team has high confidence in the extent of the estimates it has prepared for RQE and are all-inclusive of what could

reasonably be identified for staffing at this time. However, the pace of the proposed ramp-up of the DR Team's staff is

aggressive and will be very difficult to meet. ln order to meet the plan, the DR Team would have to increase from 770 to

Confidential - Do Not Disseminate
Page I 15
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Control Budqet; 5920,079,000
RQE Bøse Cost; 5844,621,000

Estìmate to Complete; 5216,713,000
Project Contìngency 541,525,000

(os a Percent ol ETc): (79%)

(Project + Program 575,458,000
Allocoted Cont.): (35%)

Estîmøte Closs; Not Applicable

Risk Perspective

Overall Risk PersnectiveF4Ð
50 Szoo 5+oo 5600 Ssoo S1,ooo

Complefe

S217M

Forecast at Year-End 2015

s628M

Mìllìons

Control Budget

Ss2oM

PercentolRQE: 8%

CP - F&lP and SIO Project Summary

November t2,2OI5
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of any impact can be properly documented and managed.
SNC/Aecon intends to do

so once it has secured agreements with Íts major structural, civil and HVAC subcontractors. SNC/Aecon has committed to
reporting key subcontractor status via earned and actual work hours against its plan, which should províde P&M with

enough information to track this key work.

The current SNC/Aecon schedule is based on the D2O project meeting an interim deadline of June 28,20t6 to accept

water from Unit 2 so that there is confidence that Refurbishment of Unit 2 can proceed. This deadline was inítially set

about 1 year ago when the DR Team reviewed the need for a contingency plan for D20 Storage in the event the building

could not be completed. We have recommended that P&M and Refurbishment re-examíne this milestone lf it is able to

implement one of the alternatives it is currently revÍewing for draining primary heat transport and moderator water from

Unit 2. lf an effective mitigation strategy can be implemented, it could allow deceleration of some of the work which

could potentially reduce the overall risk of construction. However, such a deceleration should only occur if it ís supported

by objective progress data from field progress that substantially improves the confidence of all concerned that D2O

Storage Facílity will be available for RefurbÍshment of Unit 2.

B. EPG 3

OPG has commítted to placing EPG 3 in service prior to Unit 2's breaker open. The civil construction is currently

approximately 2o%complete, and ES Fox intends to set the EPG unit by the end of November. Construction has previously

been impacted by issues with plant tie-ins and unforeseen underground conditions. ln its Project Status Repoft issued

October 29,20!5, P&M reports that "Corporate milestone "Generator ln Place" - Nov 30, 20L5 currently at risk." While

there is a recovery schedule in place, the Project Status Report currently shows that the Turnover/Available For Service

milestone is not forecasted to occur until August 5,2OL6 (323 days late), only two months ín advance of breaker open.

Furthermore, it should be noted that neither the addítional forecasted costs (S21.3M over the approved amount of

S88.2M) nor the recovery schedule have gone through a gate for final approval. The gate approval was originally

scheduled for September L1-, 2015, but that has been delayed until 4Q 2015. lt is critical for OPG and ES Fox to agree on a

schedule that is doable and predíctable as soon as possible.

ln its Project Status Report, P&M reports that "Engineering holds remain on a number of packages to incorporate design

input from LLM Vendors. Holds to be resolved by Dec 2O!5." These engineering issues should not impact the civil work,

though some involve changes to allow the stock generator to meet OPG operational requirements which could impact the
installation or in-service date of the EPG unit if they are not resolved in time. The VP of Engineering and Sargent & Lundy

have established a process for working through these issues and bringing more timely visibility to engineering issues as

they arise on ESMSA (Campus Plan, BOP and Shut-Down/Lay-up) projects.

P&M also identified EPG 3's commissioníng as a risk. "Thís is a first time evolutíon for these modifications and there is

límited commissioning experience with this type of equipment. The risk is that the commíssioning of thís new system may

take longer and be more challenging than anticipated/estimated resulting in numerous work interruptions/clarifÍcations

and extensíon to the schedule or missing AFS (OPEX from Pickering Temporary Emergency Power System)." To mitigate

this rísk, the DR Team has assigned a dedicated manager to lead the commissioning effort, though the schedule should

accommodate the time needed for commissioning with these risks in mind

P&M's Prograrn Status Report dated"October 23,20L5 showed the forecast as $115tv1, and noted that "the forecast ís,,

expected to íncrease by an additional SS-fOVl. The increase is a result of additional costs to recover schedule delays that
occurred during excavation and fuel f ine relocatioñ, design changes based on newly available equipment information, and

additíonal resources and time allotted for commissioníng. This cost increase can be accommodated wíthin the avaílable

contingenry." P&M further noted in the October 27th Project Status Report that, "significant costs increases are being

addressed with contractor. SCRs in place," and "A new gate package will be prepared to identify the new EAC and schedule

completion," which P&M anticipates having in 4Q 2015. The gate approval was oríginally scheduled for September LL,

20L5, but that has been delayed until4q2015. lt is criticalfor OPG and ES Foxto agree on a cost estimate and schedule

that is doable and predictable as soon as possible.
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management team and a full reforecast of the cost and schedule before its next gate so that the basis for the changes in

scope can be identified and challenged, and the planning and execution sequence can be confirmed. ln addition, to the
extent the contractor has provided monetized risk items, these need to be properly accounted in the project's request
for contingency at the next gate.

ld) t*nza;ürr"Êntlilrç.rV*r&în,iSyste.*z

The Containment Filter Venting System is another SIO project that addresses a potential need to release steam from
containment under extreme conditions where the station would be subjected to a complete loss of power. The scope of
the project was inítially addressed in an MDR that was released to ES Fox with preliminary assumptions regarding the
size of the venting system that ES Fox and H/SL were required to validate.

As the design matured, additional decay heat studiès were performed, ultimately resulting in the current design path in
which the required filter system is substantially larger than initially assumed. Because the filter system was significantly
larger than originally assumed, the size of the supporting structure for this duct system also had to be increased. {ost
growth for;these changes is u,nder review but believed to be on the order of t8-30% over the early project estimate that ¿

is embedded in the current 4c Cost Estimate"e This cost growth appears to be justifiable due to the increased scope,

though the estimates for this additional cost should be vetted to ensure they are appropriate and properly priced.

The current schedule for CFVS forecasts a completion date of March 25,2016. This work was originally contemplated to
complete on November 17,2015. The detailed level 3 schedule suffers from many of the same logic issues and poor
crítical path definitîon as noted for EPG3. These issues, as well as the potential cost growth, need to be addressed as

soon as possible.

2. ?^is?, av},"4&ew1*qltPr*gîess

ln our 2Q 2014 Report, we identified that P&M was not utilizing the risk management process in an effective manner,

and was merely using risk as a "check-the-box" activity as a prerequisite to obtaining funding for the work. The

Refurbishment rísk management team has been deployed to help P&M restructure íts risk program, and rÍsks are being
collected and are now visible on the Project's risk register. However, there is some remainíng confusion with the P&M
team regarding on-going rísk management. The DR Team is in the process of consolidating the risk management
program under the Refurbishment organization, utilizing the same processes for risk identification and management
with strong scrutiny by the DR Risk Oversight Committee. This should clear up any remaining inconsistencies.

3, \s ex'*aÅør Verf*rrnemae l*suËs

As noted,

It is also worth noting that three of the four Campus Plan Projects that we have identified above as having concerns are
being performed by ES Fox. While there is no evidence that we have seen that questions ES Fox's safety or quality
record, and their team has thus far been very responsive to addressing any issues OPG has raísed, the scope creep and
cost increases evident in EPG3 and CFVS indicate that P&M should be just as vígilant in managing ES Fox's work. Any
lessons from Campus Plan Projects should also be understood by the Refurbishment BOP team, who is usíng ES Fox for
multiple scopes of work. P&M and Refurbishment BOP project managers need to vet ES Fox's estimating methodology,
including how ES Fox is using factors for productivity, estimating project management team sÍze and engineering costs,
among other things.

Cçs *t i ú e ntr:i a1 - - î. J rs I'j r.>',: 1..1 t :; s * i¡ti n at*
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o Completed CWPs formulated for DNGS;

o Variance reports showing differences between the OPEX driven Class 4 estimate and the current estimate;

o A Level 4 execution schedule;
. Detailed reports characterizing how SNC/Aecon prepared the estimate; and

. A well-defined risk register.

All of these SNC/Aecon products will require time for OPG to review and in this case it is our opínion that it ís better to

de an extension of time than rush the review of such important material in order to meet a previously set deadline.

Concu rrent with the development of the Class 3 estimate, SNC/Aecon is developing its Level 4 execution schedule. The

firstdraftof thisschedulewasdeliveredonApril 1.s,2Ot4andongoingreviewsessionsarebeingheldtorefineit. First

impressÍons of the schedule were that SNC/Aecon had not brought the best possible schedule for Unit 2 forward. lt

appeared that SNC/Aecon presented a comfortable, achievable schedule rather than an aggressive benchmark. This

created a longer schedule than what would-be considered a "target" schedule. ln addition, several examples of

incorrect'logic and misalignment with OPG's level 1 schedule were identified. OPG is continuing to review and

commend changes prior to the delivery of the Schedule mini-report for the Class 3 estimate on April 30,2014.

Looking forward from Class 3, ít is important for OPG and SNC/Aecon to align around the plan and start preparing for the

Class 2 estimate. As we have noted in prior reports, after SNC/Aecon completed the Class 4 estimate, there was a long

period with no activity that only served to compress the preparation time for the Class 3 estimate, and that compression

is at the root of the current need to rush through its approvals. As the Class 3 report is being developed, the team

should endeavor to complete the Class 2 estimate plan so that any opportunities or progression points are identified

early. ln addition, the tool testing and productivity plan should be incorporated with the Class 2 estimate plan so that

results are properly incorporated into the schedule and estimate. SNC/Aecon and OPG need to maintain focus on the

finished product and what it means to be Class 2 RQE ready'

3" W3* tiíl'dír*g

The ßWPB is being p,erformed under ¡1any of the same conditions as the Campus Plan Projects as a pre-requisite to

impacted by the soil that was excavated from D2O Storage. There is a possibility the soil is contaminated, which has

resulted in additional testing. ln addition, the building has or will encounter plant operation coordination, and seismic

issues have delayed foundation design and pushed out engineering. As of this repoft, engineering design complete is

showi 43 days óf negati ve float and installation/commissioning is showing an October etion date

ough e m re on very rye ne ñ8, original plan was comp on

lowing three months before breaker open. lt is vital for SNC/Aecon to utilize the lessons that are being learned

from the F&l work in order to keep this building within a reasonable cost a nd schedule envelope. ln addition, if there are

cost increases, the Options Review Board should test the decisíons being made with regard to building design in light of

the fact that it is a temporary building that will be housing heavily contaminated materials. Further, the building should

avoid any element of gold plating or permanent design.

rt¡, r){*, {t¡ úTtrgtiz? Tlis?.t

We recommended in our last report that the DR Team review some major provisions of the RFR contract in order to

ensure that it will drive the proper behavior from SNC/Aecon in order to achieve success on the fírst unit and that OPG

will be able to establish that ít adequately and prudently considered the prÍnciples set forth in the government's Long

Term Energy Plan ("LTEP")-primarily success on the first unit änd ensuring appropriate risk shifting. This included re-

visiting: (1-) the performance incentives for unít-over-unit improvement as an incentive to the contractor to meet an

aggressive schedule for the first unit; (2) whether the cost and schedule incentives/disincentives would drive the right

contractor behavior; (3) the treatment and monetization of identífied rísks; and (4) whether to negotiate a guaranteed

maximum price ("GMAX") once engineering is complete. ln addition, OPG and SNC/Aecon will need to incorporate the

{,t: ts'ii d<:: r ú.i ai . i-) 11'1t} e7 }; ll}i. r::,; r::q z ¡.i r.¡ :t"¡-¿:
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DARLINGToNREFURBISHMENTBUSINESSGASESUMMARY

Darlinqton Operations Suoport Buildinq Refurbishment

The purpose of this project is to extend,the life of the O support

the continueo operatioiJ;ith; Darlington station' The are

essentiatto the operations of Darlington including secu :y:11,^
hubs, quality 

"aaur"naã'uãutt, 
stat¡oî domestic water p 

^ana rnr 37s station 
"n 

o"" u'"

the bridge. This facilitf atsð örovioes office.and conference room space for 375 station employees

ånoìriiou, speciatty iroupr'inside the Dartington protected area.

The structure is now complete and in service'

Refurbishment Proiect Office

This facility acts as a secure entry point for Refurbishment workers and provides office space' a

lunchroom, change room and parling space'

The full occupancy permit has been received, and move-in plans are being prepared for occupancy

by year end 2015.

Electrical Power Distribution Svstem
nd buildings located outside the

r Station. This sYstem was

lof
lre
lsy

over time and was not caPable o1 lgs

Refurbishment and oPerations'

The site power distribution system new
building/iacilities, as well as to facil

buildings at the Darlington station' iated
power ãistribution substations and

distribution sYstem.

The project is now cornplete and in service'

Re-tube & Feeder Replacement lsland Support Annex

To provide office and meeting spa99 fo.r R&FR Contractor Management and oPG oversight teams' a

facility is being 
"on.iru.t"o 

tñat'will inctuoe srrop ipá"" for contráctors to perform pre-RFR fabrication

and preParatory work activities'

construction of the facility is nearing completion and is expected to be in-service in November 2015'

Vehicle Screeninq Facilitv

Afacilitywasconstructedtoexpeditevehicletrafficthroughsecurityintotheplanttoenablehigher
priority vehicres to bypass traffic queue" oiir,à-åòãess ro'ao during periods of high construction traffic

volume.

This project is complete and in service'

Re-tube Waste Processinq Buildinq

i6:reqr¡iredtoprooesswasteinsupportoftheR&FRproject.i t1O tf'r. fJf iõ isãiæcteOfo be in serviee in December 2016'
Construction açtivities ard

opG confidentiar and commercially Sensitive. Disclosure of information contained in this document could result in potential

commercial harm to ,t. in oã, ãiôpc un¿ i. st i"try piottibited without th:.t:pJ"tt written consent of oPG'

File No: N-REP-O0120'3-10001-R000; Project lD - 16-27959

Page 13 of40
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4.1.2 Retube Waste Processinq Buildinq

This project includes the design, construction and commissioning of a Retube Waste

processing Building ("RWPB'). The RWPB will house a waste volume reduction tooling

system, process intermediate-level refurbishment waste, and accommodate all low level

waste container shipments for the DRP pursuant to OPG's radioactive waste management

plans. Used reactor components will also be delivered from the outage unit to the RWPB in

appropriately shielded flasks. The RWPB will enable OPG to optimize waste processing and

packaging operations during the DRP. ThêrRV[/'Rts,4e.,planned",to..be avaiJaþle for use in Ju¡re

,2017 and commissioning of the RWPB, including the waste tooling system, will be completed

by July 2017. ¿,

4.1.3 RFR Execution Phase Work

The RFR Execution Phase work is scope that supports the primary reason for executing a

refurbishment outage at Darlington. This scope includes the removal and replacement of

each reactor's 480 fuel channel assemblies consisting of two end fittings, pressure tubes and

calandria tubes, and the removal and replacement of the 960 feeder pipes in each reactor.

Major activities also include the installation of new pressure tubes, new calandria tubes, new

end fittings and the fabrication and installation of new feeders.

4.2 Turbine Generators

The Turbine Generators work bundle for Unit 2 is a maintenance outage (including turbine

blade inspections). Unit 2 Turbine does not include any modifications in the field. lt includes

installation of a maintenance simulator to support training and testing, and is comprised of

three broad areas of scope: (1) Turbine and Auxiliaries Work, (2) Moisture Separator

Reheater Work, and (3) Generator and Auxiliaries.
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Ghart 2

Class of Estimate for the Major Work Bundles

As a Class 3 estimate, the RQE has an expected accuracy range of [-10 to -20o/o / +10 to

+30%1. ln their final oversight report to the OPG Board of Directors (Attachment 2), Burns &

McDonnell Canada Ltd. and Modus Strategic Solutions Canada Company ("BMcDiModus")

conclude:

Ig Based on our nearly three years of oversight of the DR Project's planning,

10 BMcD/Modus believes the process used for developing the control budget and

11 critical path schedule that form the basis for RQE meets or exceeds industry
12 thresholds. The control budget is based, most notably, on well-defined scope
13 and detailed engineering, which has sufficiently matured to allow classification
14 using the AACE lnternational guidelines in the manner OPG intended for
15 RQE. ln addition, the level of detail in the RQE control budget is in line with
16 our experience for projects of this nature and should form the basis for a
17 robust project controls regime that will be used to track progress.
18
19 OPG engaged KPMG to provide an independent review of the governance and processes

20 used to develop the RQE. KPMG's review consisted of (1) a governance and process

21 assessment, and (2) a cross-cutting vertical slice review of the estimates. KPMG's final

3

4

5

6

7

22 r'eportarising fromlhis review is provided in Attaehment 3.

23

24 With respect to its governance and process assessment, KPMG assessed OPG's estimating

governance and management processes associated with RQE development against relevant

Class 2RFR

Class 2 - 3Turbine Generator

Class 2Steam Generators

Class 3Fuel Handling and Defueling

Class 3 - 5Balance of Plant

Facilities & Infrastructure Projects and Safety lmprovement

Opportunities

25
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Additional oversight for the RQE development process has been provided by BMcD/Modus.

The RQE oversight provided by BMcD/Modus has been carried out as part of its broader role

in providing DRP oversight. ln particular, BMcD/Modus assessed the process used for

developing RQE, with a particular focus on the development of detailed cost estimates that

are of sufficient quality and basis in order to establish a four-unit, program level control

budget for DRP. ln addition to considering OPG's processes relative to its governance and

industry guidance, particularly from AACE, BMcD/Modus considered whether the RQE

process was sufficiently thorough and robust, whether contingency was developed in a

manner consistent with industry practices and whether RQE was appropriately documented

to permit vetting by senior management. A copy of the resulting BMcD/Modus report is

provided in Attachment 2.

Based on its three years of DRP oversight, including one year with a particular focus on

RQE, BMcD/Modus found that the processes used to develop RQE and the critical path

schedule that forms the basis for RQE meets or exceeds industry thresholds. lt found the

RQE to be based on well-defined scope and detailed engineering, which was sufficiently

mature to allow the intended classification based on AACE guidelines. The RQE was also

found to be based on a level of, detail in line with that seen for other projects of a similar

nature, which will support a robust project controls regime to track progress. However, they

also identified some risks associated with certain components of the RQE that, if not

corrected before the Unit 2 full execution release in Q3 2016, could impact the Unit 2

estimate. OPG has therefore put a process in place to address the recommendations from

BMcD/Modus and is tracking all actions to completion within this timeframe.

3.0 DRP COST BREAKDOWN

Chart 3 below provides a detailed cost breakdown of the RQE components.

Ghart 3

DRP RQE Breakdown (M$)

# Bundle / Gategory RQE Total Gost ot,o

I Retube & Feeder Replacement 3,598 28
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1 Early Releases 3 and 4 are costs that were incurred during the preliminary planning phase of the Definition
Phase before the DRP organization was in place. As a result, they cannot be attributed to the work bundles or
functions. These costs are primarily related to EA, ISR and early planning work.
2 lnterest is applied monthly to cumulative capital expenditures in the previous months at a rate of 5 per cent until
2021, consistent with OPG's business planning assumptions ahd 6% thereafter.
3 Escalation is set at 2 per cent on a per annum basis.

# Bundle / Gategory RQE Total Gost otfo

2 Turbine Generators 657 5

3 Balance of Plant q
4 Fuel Handling/Defueling 198 2

5 Steam Generators 123 1

6 Subtotal Major Work Bundles 5,543 43

T Facility and lnfrastructure Projects 640 5

I Safety I mprovement Opportunities 205 t2
9 Subtotal F&lP/ SIO 845 7

10 Project Execution 322 3

11 Contract Management 52 0

12 Engineering 283 2

13 Managed Systems Oversight 41 0

14 Planning & Controls 136 1

15 Nuclear Safety 83 1

16 Program Fees & Other Support 341 3

17 Supply Chain 86 1

18 Work Control 80 1

19 Operations & Maintenance 805 6

20 Early Release 31 102 I

21 Early Release 41 7 0

22 Subtotal OPG Functions 2,336 18

23

25

Contingency

lnterest2

1,706

1,473

13

12

26 Escalation3 898 7

27 Subtotal lnterest & Escalation 2,371 19

12,800 '10028 Total High Confidence Estimate
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performance, OPG is relying on accountability of the contractor, creation of the
Vendor Leadership Forum and the execution construction organization's field
presence as the strategy to address potential weaknesses by contractors. For
core refurbishment projects, emphasis is being placed on having quality
schedules and estimates for the completion of all aspects of the work and having
the detailed schedules in place prior to a particular phase of the beginning.

m. Not responding to adverse trends in a timely and effective manner

These projects have had several, longstanding issues, starting with the Dzo
storage project, but also cost estimates, development of reliable schedules,
completion of engineering, performance of subcontractors and interfacing with
the station to execute field work. Many of these issues existed for several
months - some years. The P&M organization has not been effective at
identifying and addressing performance issues in a timely and effective manner
in order to limit their impact on safety, quality, cgst and schedule delays. This
behaviour of not identifying and addressing performance issues is similar to the
cause of the Pt LePreau calandria tube insertion production and quality event.

Refurbishment management's strategy to reduce this risk includes the fo
items:

Establishing a meeting focus on performance against plan and the
identification/resolution of issues

il. The future creation of a project Change Control Board

¡¡i. Creation of a Project Decision Making forum

IV Formalizing the purpose and function of the 'contrarian' in the
deliberations of important program and project decisions.

Formalize the application and use of Event Free challenge meetings for
criticalwork. -

These actions will support addressing this issue. However, there should be
recognition and actions to improve the culture to drive issues to a more timely
and effective resolution. The slow response to address the management of the
large engineering backlog, the resolution of BoP and shutdown/layup/services
contracts and the RWPB performance issues can be used to help refurbishment
mid management understand the issue and the need for its reduction.

V

39
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(1) All numbers arein201 except for lnterest and Escalation and the Total Cost Estimate

(2) Allnumbers are in 2013$ excePt for lnterest and Escalation and the Total Cost Estimate

(3) lnterest and Escalation and the Total Cost Estimate are in nominal dollars, i.e' a sum of the

dollars of the year in which theY are expended

November 2013 in support of the release was a preliminary estimate and is not directly

comparable to the nöE, as the scope of work was yet to be finalized. However, an

approximation of the comparison is identified below:

Chart 1

6
7
I
I

10
11

12
13
14
15
16
17
18

c) OpG does not have enough detailed information on the costs estimates developed for

such projects and the percentage of contingency in those estimates to do the comparison

requested.

d) Please see Ex. L 4.3-1 Staff-45, part c)'

e) The requested information for Facilities & lnfr:astructure Projects is shown in the following

chart:

Release 4C)Nov. 2013 Total Cost Est (Ex. D-2-2-1 P.3 Chart I
Total Gost
Estimate
(2013$)e)

Total Gost
(%l

Total Gost
Estimate

Gonverted
to 2015$r)

RQE
Total
Gost

{$zot se¡{r)

RQE Total
Gost
(%)

Program
Component

4.18384.35435.54Maior Work Bundles

0. 1110.1120.20Safety lmprovement
Opportunities

5 0.550.5750.64
Facilities &
lnfrastructure
Proiects

2.08192.16172.23OPG Functional
Support

1 0.120.1210.1'lEarlv Release Funds
19 2.082.16131.71Continoency

2.20171.97192.37lnterest &
Escalation($S¡ t'r

1',|.321001',1.3210012.8Total Cost Estimate
($B)(')

Witness Panel: Darlington Refurbishment Program
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Ghart 2

The requested information for the Safety lmprovem nities (SlO) is

shown in the following chart. No SIO projects have been reclassified

Ghart 3

7
I

Note: The original release amounts for the SIO projects are
Progression Form or Change Control Form for Execution Phase

based on the first approved Gate

2
3
4
5
6

ll 3g.( n^,\q^ {**r
gl,o + F lltS "l

;'{

Total Project Cost (M$)

EB-2016-
0152

% of costs
Reclassified

Original
Full

Release

Project Title

62.7 10053.0Darlington OSB
Refurbishment

10099.5 99.5DN Auxiliary Heating System
381.1 01 10.0D2O Storage Facility

40.6 57.7 0Water & Sewer Project
0105.4 105.4Darlington Energy Complex

40.7 040.7R&FR lsland Support Annex
099.9 99.9Refu rbishment Project Office

016.9 20.8Electrical Power Distribution
System

9.3 9.3 0GM Office Facility
03.0 6.6Vehicle Screening Facility

Project Title

Total Project Cost (M$)
% of costs

ReclassifiedOriginal
Release

EB-2016-
0152

Third Emergency Power Generator 88.2 120.4 0

Containment Filtered Venting System 80.6 80.3 0

Powerhouse Steam Venting System 5.6 5.6 0

Shield Tank Overpressure Protection 13.5 13.5 0

Emergency Service Water Buried
Services

7.9 14.6 0

Witness Panel: Darlington Refurbishment Program
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?". Additional Q*:servaticns and f{acermrv¡er'¡d*tio,ns

As with any commercial strategy for a large capital project, there are risks associated with the multi-prime EPC

model chosen by OPG for the DR Project. Many of these risks have been recognized and are being monitored

by OPG, though they must be discussed on an ongoing basis as realization of some of these risks will impact

the success or failure of the DR Project.

\ o With the multi-prime management approach, Owner's traditionally hire construction managers or
program managers to coordinate the EPC contractors'work, and owner's engineers to review program

compliance. OPG has chosen to fillthese roles, and its success will be dependent its ability to employ a

strong, capable and experienced construction management team that is able to effectively coordinate

and track the work of such a large, complex project. We would also recommend that the DR Team

integrate key construction management individuals into the DR Project Team as early as possible in the
Definition Phase.

¡ OPG's preferred EPC contracting strategy is a new project delivery model introduced for the DR

Project. lt is also different from that used by OPG's vendors on past projects. Business cultural

differences between OPG and vendors' management philosophies will have to be closely managed.

o The RFR contract dwarfs the other major project scopes, and there is a tendency to think of SNC/Aecon

as the Project's full-wrap EPC contractor. This is not the case, and management needs to devote

attention to the other projects to optimize adjacent project coordination and minimize interferences.

o The ESMSA vendors' performance and OPG's management of the vendois' work on the cu

Campus'Plan scope has been mixed. OPEX from the D20 Storage Facility includes evidence of failu

on both OPG's and the vendor's part to recognize that key details were missing from that project'

definition which led to unrealistic schedule and readiness expectations3a. The DR Team shou

examine these lessons learned going forward.

o The Program/Project approach has the risk of creating "silos" between the Project teams. Although

each of the major Project Bundles are self-contained units, the Program must be managed by OPG as a

whole, with a single, integrated schedule, cost controlsystem and risk management approach.

Developing a contracting strategy for such a large project has to include a number of key variables. Some

contracting approaches are more risky for the owner than others. Some are unsuitable for certain situations.

Some strategies work for some owner organizations but do not work for others because the strategy depends

on the owner's strengths. There is evidence that OPG took these major considerations into account in
deciding on the contracting strategy it i5 following. However, this strategy will require some significant

changes to OPG's prior large capital project mindset, and while growing pains are expected, the Project's

success will be largely determined by OPG's willingness to embrace the role and recognize and control the
risks associated with the chosen method.

{.. Fnoject €cr¡tnols
OPG's Project Controls team is responsible for essential functions of Schedule, Budget, Risk Management and

Document Control. The following is our assessment of the development of each of these key elements to
date.

3a D2O Storage and Drum Handling Project: Modification Planning Lessons Learned Report, D-LLD-38000-1001 (March 4,2OI3l
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1. Minister Summary

Previous quarterly reports provided a detailed quarterly review of trends,
accomplishments and challenges related to the Darlington Nuclear refurbishment
project. With the completion of the Definition Phase a|2015 yearend, the focus of the
refurbishment project has transitioned into execution of its Ready to Execute (RTE) Plan

A number of achievements have been made through the Definition Phase of the project;
including.

The Release Quality Estimate for the refurbishment of the four Darlington units
was prepared and approved by the OPG Board of Directors. This included the
estimated cost (including contingency) and duration for the defined scope of work
for the four units.

a

a

a

The OPG contracting strategy was developed and implemented. This

contracting strategy is designed to retain vendors best qualified to perform the

work contracted to them, while appropriately transferring risk and minimizing risk
premium. The key risks are associated with safety, quality, cost overruns and

schedule extensions. Of the-$12,88 high confidence total cost estimate of the

Darlington Refurbishment Project, $5,38 (including the $0.88 spent to date) has

or is to be spent by contractors for the engineering, planning, procurement and

field execution of the five core refurbishment project bundles.

OPG declared success in meeting the August 1 5, 2015 m ilestone for the
completion of design engineering. However, this was accomplished with

a large number of outstanding items for resolution. As stated in previous

reports, the process to accept design agency deliverables may not be

sufficiently rigorous to ensure high quality products. This risk has been

realized in a number of projects, most recently the STOP (Shield Tank

Overpressure Protection) project. The design was incorrect in

assumptions regarding the size of the pressure pulse when switching
pumps. This resulted in the field installation during the Unit 3 fall outage

not being acceptable, removed from service, and the unit returned to

service without the modification installed. The response to this event

should include a review of the extent of condition and cause.

. OPG has received the required regulatory approvals for the refurbishment
of the four units. This includes approval of the Environmental
Assessment, the lntegrated Safety Review that includes Component
Condition Reports and the GlobalAssessment, and the lntegrated

2
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Lesson Learned Basis OPG actions and
effectiveness

Likelihood of
recurrence

Poor cost estimates OPG recognizes that
several of these projects

were started and continued
without the appropriate level
of cost estimate.

There is increased rigour in

the cost estimates for the
core projects and revised
estimates for these
projects. This includes
colla borative front end
planning for a better
understand ing of the scope
of work and the use of third
party estimates for
companson.

Low

Poor execution schedules Many of these projects

started and continued
without detailed schedules
for engineering and field
activities. There is an effort
to recover this problem as
the projects are in progress,

OPG is supporting the
vendors in the
development of detailed
schedules. There ís a

requirement for detailed
schedules as part of the
gate review process.

Currently there are
struggles'obtain ing

detailed schedules for
engineering deliverables

, Medium

Completion of engineering
pr¡or to thê start of field
execution

These projects have started
prior to the completion of
engineering. Currently
there are examples of
design engineering delaying
field execution in these
projects. This will likely
continue through the
completion of these
projects.

This is one of the high level
lessons learned that OPG
addressed through its

infrastructure and

milestones for the
refurbishment project.

That is the basis for having
the engineering complete
milestone a year priorto
the start of the Unit's
refurbishment outage.
Even with the current
challenges in managing
the engineering workload,
there is sufficienl float to
complete engineering by
the start of execution.

Low

24
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Lesson Learned Basis OPG actions and
effectiveness

Likelihood of
recurrence

Management of
subcontractors

These projects have had

issues with the performance

of subcontractors. lssues
have included the delivery
of engineering products in a
timely manner, some
engineering quality
problems, timely delivery of
parts, some quality issues
related to parts

manufactu re, field execution
rework and safety
performance.

Similar issues have started
with the management of
subcontractors for core
refurbishment projects.

High

Not effectively using
station processes

There are a number of
station processes which are
required to be used by the
contractors, but are not

effectively implemented.
These include work
management processes,

work protection, work
authorization, event free
challenge process, etc.
Refurbishment operations
and maintenance is

assisting in facilitating the
ESMSA contractors through
some of these processes.

It is assumed that the
contractors and

subcontractors will have
processes similar to the
OPG processes. This is
believed to be a

contractua I requirement.
Processes have not been

fully aligned or equivalent
in the few cases that have

been tested. For example,
during Q4 there have been
incidents involving lifting

and rigging with both the
Joint Venture and ES Fox.

The initialTurbine
Generator FME plan was
rejected.

Medium

28



J¡r- eil.r5

Confidentiøl Advice to the Ministei of Energy

Commerci al ly Se nsitive

The following Lessons Learned have a medium likelihood of recurrence without on-going
management focus and successful completion of planned actions:

b, Completion of engineering prior to the start of field execution

Many of the Campus Plan and Safety lmprovement Opportunities (SlO) projects
started and continued field construction without the completion of detailed
engineering. This continues for some important projects such as EPG 3, CFVS,
D2O Storage Building and the Auxiliary Heating System. This has contributed to
on-going revisions to costs and schedules. These ects demonstrate the
consequences of not field ring is actually
co This was ma nagement
as one of the maJo r lessons learned from ous refurbish rge

be completed prior to the start of field
execution. As a result, OPG established a milestone for the completion of
engineering of August 2015. Even with the current challenges in managing the
engineering workload, there is sufficient float to complete engineering for the
projects being executed after Unit 2 breaker open.

The current challenge is for core refurbishment projects that are being executed
prior to Unit 2 breaker open. The RWPB has started construction without
completion of engineering or nuclear safety analysis. lt is recognized that
engineering has been done for the portions of procurement and construction that
have started, but this is not the standard of engineering complete prior to start of
construction that refurbishment management is striving. lt is not surprising that
cost and duration estimates have been revised on a number of occasions. The
current cost estimate is $108M and target completion date of December, 2016.

ln addition, there are several shutdown/layup/services and support projects to be
executed in 2015 and 2016, as prerequisites to breaker open. These include
Brea[hing Air installation, Service Air installation, Negative Pressure Containment
modifications and several facilities.- The August 1Srh milestone for completion of
engineering will not be met for some of these projects and this results in
downstream impacts of the procurement of materials and generation of cwps.
Refurbishment management is initiating a plan to manage the impact of the late
engineering.

c. Poor engineering and field execution schedules

Through the duration of the Campus Plan and Safety lmprovement opportunity
projects, the organization has been plagued with inaccurate and unreliable

32
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OPG ACTIONS TAKEN/PLANNED IN ALIGNMENT

WITH LTEP PRINCIPLES

2013 LTEP - Nuclear
Refurbishment
Principles

OPG Actions Taken/Planned in Alignment with LTEP Principles

Minimize commercial
risk on the part of
ratepayers and
government

a

o

a Locked down project scope well in advance of starting
construction;

e ineerihg and of the work so th it

is1 staft ction;
Built a full-scale mock-up of the vau It

and used them to fully test the tools and determine tooling
durations in order to build a reliable schedule. All workers will
be trained using the tools in the mock-up prior to working in the
plant;

. ln phases, developed a Release Quality Estimate that
incorporates a high-confidence budget and schedule for the
work; -/. "Unlapped" Unit 2from subsequent units so that the focus can
be on planning and construction of a single unit to ensure its
success while documenting lessons learned from the first unit
and applying them to work processes on subsequent units;

o Utilizing target price contracts for the execution phase that are
based on developing cooperation, transparency, and risk
sharing with key vendors;

. Utilizing fixed price contracts for certain execution phase scope
that is well defined and where risk transfer to a third pady is
appropriate;

. Negôtiated various off-ramps and stages into contracts; and

. Established a roþust risk management process to directly identify
and administer commercial risks.

F

r

Mitigate reliability risks
by developing
contingency plans that
include alternative
supply options if
contract and other
objectives are at risk
of non-fulfillment

Decision to "unlap" Unit 2 from the other unit refurbishments,
which predated the LTEP, was intended to mitigate
performance risk and allow the DRP team to focus on
refurbishing the first unit prior to commencing subsequent units.
lf the first unit is not successful, off-ramps are in place; the
second unit refurbishment will not commence until the first unit
is successfully returned to service.
Risk assessment and appropriate contingency and mitigation
plans for each execution work package have been developed.
OPG's investment in the reactor mock-up is being used to
perform full integration and commission testing of tools needed
for refurbishment; lessons are being learned on the mock-up,

a

a

o
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GEC Interroqatorv #4

lssue Number:4.5
lssue: Are the proposed test period in-service additions for the Darlington
Refurbishment Program appropriate?

lnterrogatorv

Reference:
Exhibit D2-2-11 Attachment 3 Page 9 of 122
"lt is typical for megaprograms, such as the DRP, to be managed on a planned duration that
is less time than reflected in the high-confidence schedule."

And at p. 10 "The Facilities and lnfrastructure Projects (F&lP) and Safety lmprovement
Opportunities (SlO) were not necessarily completed per the initial planned schedule and

estimate..."

a) Please provide details of the various percentage schedule delays and percentage cost
overruns in the F&lP and SIO projects relative to the high confidence schedule and

estimate and the planned schedule and estimate.

b) Please provide an analysis of the degree of adherence to date to the high confidence and

the panned schedules for each major work component of the DRP. Please do so with
reference to the highest level schedule (as described at page 31 of the Pegasus
evidence) that existed at the time of OPG's prior OEB application and with respect to the
initial version of the level 5 schedule.

c) Please provide a complete history of the DRP's expected unit completion dates and

outage duration schedules showing initial assumptions and changes to date.

Response

a) The F&lP and SIO projects were not planned in the same manner as the Unit 2
refurbishment outage, with planned (target) and high confidence schedules and

estimates. OPG is therefore unable to provide the analysis requested. Variance
explanations for F&lP projects greater than $20M, where the project eost variance was
greaterthan 10o/oare provided in Ex. D2-2-10, pp. 11-22.

b) As OPG has just begun to execute the refurbishment outage on Unit 2 (Breaker Open
was on October 15,2016), this analysis is not possible.

17
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Witness Panel: Darlington Refurbishment Program
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SEG lnterroqatorv #15
lssue Number: 4.3
lssue: Are the proposed nuclear capital expenditures and/or financial commitments for the

Darlington Refurbishment Program reasonable?

lnterroqatorv

Reference:
lD2l2l3, p.11-141

please provide a similar chart showing the following scenarios for the RFR Target Pricing

a) Contractor cost overrun of 25o/o

b) Contractor cost overrun of 50%

c) Contractor cost overrun of 75o/o

d) Contractor cost overrun of 100%

Response

OpG provides the requested scenarios below as illustrative examples to demonstrate how

the ietube and Feeder Replacement (RFR) contract mechanisms work. OPG notes,

however, that at cost overruns such as those contemplated by the requested scenarios, OPG

would have taken a number of actions before these levels were reached. OPG also carries

contingency for certain events. Furthermore, these examples do not consider schedule

impacis, *t'l¡.t'l would likely drive different outcomes at the overrun thresholds contemplated

¡n ifre requested scenarioé. Also, OPG notes that as the mock-up is complete, the inclusion

of the mock-up overruns in the examples is for illustration only and to reflect the original

example in tñe evidence at Ex. D2-2-3. Finally, although OPG's contract with the

SNC/AECON Joint Venture utilizes cost-plus mark-up pricing for the owner specified

materials (OSM), a large portion of the SNC/AECON Joint Venture's contracts with its

subcontracìors for this work is on a fixed/firm price model, and therefore the cost overruns

depicted below are unlikelY.

For all of the scena¡os below, all the same features and assumptions for Charts 4-7 in Ex.

D2-2-3 apply:
. Scenarios are based on approved scope at the time of the Release Quality Estimate.

. The contractor Fixed Fee was negotiated as a percentage of target cost. Once

established, the Fixed Fee paid by OPG does not change as actual costs change, and is

subject to ti"re incentive/disincentive mechanism. ln the examples, the "contractor cost"

for ihe Fixed Fee varies with the scenarios to represent changes in contractor overheads

and profits based on changes in actual costs.

Witness Panel: Darlington Refurbishment Program



I
2
3
4
5
6
7
8

I
10
11

12
13
14
15
16
17
1B
19
20
21
22

Filed: 2016-10-26
EB-2016-0',152

Exhibit L
Tab 4.3

Schedule 6 SEC-015
Page 2 of 4

. For simplicity, an incentive or disincentive adjustment of 20% is used for target cost
savings or overruns outside of the neutral band. The actual percentage is calculated

using a graded approach.
. Also for simplicity, the cost categories of OSM, Reimbursable Costs and Goods assume

the increased costs all include any contractor markups, and any cost savings or
overruns are excluded from the Fixed Fee incentives/disincentives.

. No schedule disincentives are applied.

. The numbers may not add due to rounding.

a) ln the first scenario set out in Chart 1 below, the contractor incurs a 25% cost overrun.

For the fixed fee or price portions of work, there is no negative cost impact to OPG (Chart
1, lines 2,5,7 and 9). Forthetarget cost portions of work, OPG reimburses the actual
(allowed) costs of the contractor and pays the cost variance to the contractor (Chart 1,

lìnes 1 and 4). For the Definition Phase Target Cost, the cost variance is $46M (Chart 1,

line 1), which is outside of the $2.5M Definition Phase neutral band. The contractormust
pay OPG a Definition Phase disincentive payment of $9M (Chart 1, line 3). Additionally,
forthe Execution Phase Target Cost, the cost variance is $417M (Chart 1,line 4), which

is also outside of the Execution Phase neutral band of $75M. The contractor must pay

OPG a disincentive of $68M (Chart 1, line 6). OSM and Goods are paid at actual costs
and the cost overrun is paid by OPG.

Chart 1 - Gontractor Cost Overrun of 25%

b) ln the second scenario set out in Chart 2 below, the contractor incurs a 50% cost
overrun. For the fixed fee or price portions of work, there is no negative cost impact to
OPG (Chart 2, lines 2, 5,7 and 9). For the target cost portions of work, OPG reimburses
the actual (allowed) costs of the contractor and pays the cost variance to the contractor
(Chart 2, lines 1 ând 4). For the Definition Phase Target Cost, the cost variance is $93M
(Chart 2, line 1), which is outside of the $2.5M Definition Phase neutral band. The
contractor must pay OPG a Definition Phase disincentive payment of $18M (Chart 2, line
3). Additionally, for the Execution Phase Target Cost, the cost variance is $834M (Chart

2, line 4), which is also outside of the Execution Phase neutral band of $75M. The

23
24
25
26
27
28
29
30
31
32
33

0 46 231185 231 461 lDefintion Phase Ta
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417 2.O84'l 667 2.O84 417 04 lExecution Phase Tarqet Cost
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contractor must pay OPG an Execution Phase disincentive payment of $152M (Chart2,
line 6). OSM and Goods are paid at actual costs and the cost overrun is paid by OPG.

Chart 2 - Contractor Cost Overrun of 50%

c) ln the third scenario set out in Chart 3 below, the contractor incurs a 75% cost overrun.
For the fixed fee or price portions of work, there is no negative cost impact to OPG (Chart
3, lines 2, 5,7 and 9). For the target cost portions of work, OPG reimburses the actual
(allowed) costs of the contractor and pays the cost variance to the contractor (Chart 3,
lines 1 and 4). For the Definition Phase Target Cost, the cost variance is $139M (Chart 3,

line 1), which is outside of the $2.5M Definition Phase neutral band. The contractor must
pay OPG a Definition Phase disincentive payment of $27M (Chad 3, line 3). Additionally,
for the Execution Phase Target Cost, the cost variance is $1,250M (Chart 3, line 4),
which is also outside of the Execution Phase neutral band of $75M. The contractor must
pay OPG an Execution Phase disincentive payment of $235M (Chart 3, line 6). OSM and
Goods are paid at actual costs and the cost overrun is paid by OPG.

Chart 3 - Contractor Cost Overrun of 75%
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d) ln the fourth scenario set out in Chart 4 below, the contractor incurs a 100% cost overrun.
For the fixed fee or price portions of work, there is no negative cost impact to OPG (Chart
4, lines 2, 5,7 and 9). For the target cost portions of work, OPG reimburses the actual
(allowed) costs of the contractor and pays the cost variance to the contractor (Chart 4,

lines 1 and 4). For the Definition Phase Target Cost, the cost variance is $185M (Chart 4,

line 1), which is outside of the $2.5M Definition Phase neutral band. Because the
Definition Phase Cost Disincentive is capped al48% of the Definition Phase Fixed Fee,
the contractor must pay OPG a Definition Phase disincentive payment of $35M (as

opposed to $36M) (Chart 4, line 3). Additionally, for the Execution Phase Target Cost, the
cost variance is $1,667M (Chart 4, line 4), which is also outside of the Execution Phase
neutral band of $75M. Similarly, because the Execution Phase Cost Disincentive is

capped at 4ïo/o of the Execution Phase Fixed Fee, the contractor must pay OPG an

Execution Phase disincentive payment of $236M (as opposed to $318M) (Chart 4, line 6).

OSM and Goods are paid at actual costs and the cost overrun is paid by OPG.

Chart 4 - Gontractor Gost Overrun oÍ 100%

% coitrâctor. cost overun a J0f1o
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AMPCO Interrosatorv #l 0l

lssue Number:4.3
lssue: Are the proposed nuclear capital expenditures and/or financial commitments for
the Darlington Refurbishment Program reasonable?

Interrogatory

Reference:
Ref: D2-2-11 Attachment I

a) Page 5: Concentric indicates ¡t did not independently verify the appropriateness,
sufficiency or correctness of the Program schedules, cost estimates, or scope. Please
confirm the third party that undertook this verification.

b) Page 6: Please provide OPG's benchmarking analysis of its Program against other
CANDU refurbishments such as those at the Wolsong nuclear plant in South Korea, the
Bruce nuclear plant in Ontario, and the Pt. Lapreau nuclear plant in New Brunswick.

Response

a)

b) Please refer to Ex. L-4.3-2 AMPCO-52

Witness Panel: Darlington Refurbishment Program
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Generation has clivided the rvork into multiple major work packages, of which Retube & Feeder Replacement

15 One,

Ontario Power Generation's selection of the multi-prime strateg)¡ was based on the recognition that
alternative models have not been successful, ancl that there is a reasonable neecl to tetain control o( and

project management responsibilry for, the Project. Specifically, Ontario Power Generation will retain control
over deLiverables, r,vork processes, the scope of work, and the ultimate design of station modifìcations ancl

replacements. Ontario Power Genetation will also retain responsitriliq' for planning and permitring,
coordinating the interfaces belween each of the prime vendors selectecl to complete the work packages, and

overseeing the Project's multiple prime contractors. FinaÌl1', Ontario Power Generation will be responsible

for vendor claims for scope changes, owner-câused clelays and vendor-causecl delays that affect other vendors
(setting aside the Company's recourse to the venclor causing the delal). Importandy, the multi-prime srrategy

will provide Ontario Power Generation with additional flexibility to transfer work between major vendors if
such a transfer promotes efficiency and vaiue for monel'.

By using this model, Ontario Power Generation is accepting the challenge of managing each of the prirne
venclors and ensuring that each vendor is able to complete its work according to its plan. Given the

complexiq' of the Ptoject ancl the Limitecl working space within the Dadington site, Ontario Power
Generation's cootdination of the various work tasks will require extensive planning to prevent claims of delay

or increased costs caused b)' Ontario Power Generation's failure to adequately plan ancl coordinate the work
or interference from another venclor.

C. CoNCENTRTC's OprNroN oF THE OvrnRn Pnopcr CoMMERCTAL STRATEGv

Concentrìc beLieves Ontario Powet Generation has acted prudently in selecting,the multi-prime contractor
model strategy. Ontario Power Genetatìon's selection of this commercial strateg)¡ approprìateli' and
reasonabÌy considered the operational experiences of refurbishment proiects at the Bruce ,A, and Point
Lepreau refurbishment projects, and the restârt of Pickering A. This model ptovides Ontario Power
Generation with the necessâry control over the clesign and planning of the Project and allows Ontario Porver
Genetation to utilize the expertise of specialryvendors in a cost effective manner. \fe note that avariation of
this model is being usecl to successfully deploy new nuclear facilities in China. In that model, a Chinese state-
owned entity is sponsoring nuclear construction projects at Sanmen ancl Hai;'ing. A local construction
company is being utilized to constrLrct the pro)ects while a consortium of the Shaw Group, Inc. and

Westinghouse EÌectric Company, LLC is ptoviding engineering, procurement and consttuction ("EPC")
oversight services. Finally, â recent analysis has shown that this model is likelv to result in total project costs
that are at least competitive with, if not lower than, alternative commercial strategies.e

strategy, we do note that this model .lo.s .ràt

significant proiects and that the Project team
has limited experience in managing vendors under this model. ? Ontario Power Generation's limitecl
expeflence 1n managing the vendor oversight function in a 7arge, diverse, multi-prime contracting model will
jncrease the importance of accessing external resources. Ontado Power Generation is appropriately meeting
this need through a combination of Owner's Support Services vendors, and other outside consultants and

Rojas, Eddy M., "Single Versus Prime Contracúng," Joarnal oJ Constnrction Eryineøing and Managenenr, October 2008,
pp.758-765.

Concentric Energy Advisors, Inc. PAGE 6
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SEG Interrosatorv #33

lssue Number: 4.3
lssue: Are the proposed nuclear capital expenditures and/or financial commitments for the
Darlington Refurbishment Program reasonable?

lnterroqatory

Reference:
[D21218, Attach 3] With respect to KPMG, RQE Governance & Process Review and RQE
Cross Cutting VerticalSlice Review (November 6 2015):

Who are the authors of the KPMG Report? Please provide a copy of their CVs.
Please include what relevant experience they have conducting cost estimate
reviews of similar projects of the size and scope of the DRP.

a. [p.7, Table 2] Please confirm the risk categories are those defined by KPMG and not
AACE.

b. [p.57] KPMG states that for the purposes of primary research, it conducted interviews
with three employees who had experience planning and managing nuclear refurbishment
projects. Please provide a copy of all notes, transcripts, memorandums, or similar
documents detailing those interviews.

c. [p.57] KPMG lists 9 other nuclear refurbishment and/or construction projects that it
researched for the purposes of providing best practices and lessons learned. Please
provide a copy of all documents that KPMG reviewed.

d. [p.75] Please provide a copy of the Program level Basis of Estimate

Response

The following responses have been prepared by the KPMG Major Project Advisory team
(their CVs are filed as Attachment 1):

a) E
rther performed a cross

review of estimate d reported on overall traceability, data

43
44
45

integrity, and level of detail in the preparation of the RQE

Witness Panel: Darlington Refurbishment Program
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b) Please refer to Attachment 2 for the notes from the interviews. For clarification and as
stated in the report, this primary research involved interviews with.three "individuals" who
are experienced industry professionals, not three "employees" as stated in the question
above.

c) Please refer to the Project Reports in Attachment 3 for the notes from KPMG's review of
the other nuclear refurbishment projects.

Please note that the Project Report in Attachment 3 is marked "Confidential", however,
KPMG has determined it to be non-confidential.

d) The Release Quality Estimate Basis of Estimate Report is provided in Attachment 4.

Witness Panel: Darlington Refurbishment Program
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DARLINGTON REFURBISHMENT BUSINESS CASE SUMMARY

commercial strategy change (i.e. the abandonment of the project management model and the
adoption of the multi-prime model).

Enqineerinq

From 2008 lo 2011, Engineering completed a detailed set of component condition assessments
(CCA's) in order to determine preliminary scope for the project. Since that time, some CCA's
have been further developed, and engineering studies have been completed in order to finalize
DRP scope.

By mid 2014, over 180 owner-specified modification design packages (MDP's) had been
prepared. These MDP's define the scope requirements and are provided to the major project
contractors in order to perform detailed engineering. As of September 30, 2015, detailed
engineering was completed on over 200 engineering change (EC) modification packages by the
major project contractors. Owner Engineering, as the Design Authority, is working collaboratively
with the contractors to ensure requirements are understood, while providing oversight of all
engineering deliverables being prepared by each contractor working on the DRP.

Substantial completion of detailed engineering 14 months in advance of the start of unit 2
refurbishment was central in the development of the high confidence RQE, and supports
downstream procurement and work planning activities that are occurring during the preparation
for Execution Phase.

Cost Recoverv and Financinq

Cost recovery and financing confirmation is undenruay; however, is not currently in place. OPG will
recover prudently incurred costs via the Ontario Energy Board (OEB) rate approval process (O. Reg
53/05) once the units are refurbished and returned to service. The risk is that there is no assurance
that all costs are recoverable through this process.

OFG continues to disouss with the Province the need for greater assurance of cost recovery and haS

suggested regulatory changes to facilitate this. The Province continues to support the DRP which
has also been endorsed by the Long Term Energy Plan . I

b. Major Projects

Re-tube & Feeder Replacement

The R&FR work package determines the DRP's critical path. This work package includes the removal
and replacement of each reactor's 480 pressure tubes and calandria tubes, and the removal and
replacement of the 960 feeder pipes in each reactor.

OPG initiated the R&FR contracting process in 2010 by issuing a request for expressions of interest.
OPG received submissions from seven potential contractors. Based on the responses received, pre-
qualification of the potential contractors, and the subsequent partnering by potential contractors, OPG
issued a Request for Proposal (RFP) in March 2011. Responses to the RFP were received on June
26,2011. OPG continued negotiations with two proponents in an effort to reach acceptable
commercial terms. OPG then required each proponent to submit their final proposals based on the
negotiated terms. The SNC/AECON consortium was selected and OPG executed a final agreement
with the consortium on March 1,2012.

The contracting qtfategy selected by OPG for the R&FR work package includes an Engineering,
Procurement and Construction (EPC) arrangement that combines fixed/firm pricing for known or
highly definable tasks and a target price for the remaining scope of the R&FR work package where
work is less definable. The work is phased with a project schedule comprised of a definition phase,
an execution phase and a commissioning phase.

OPG Confidential and Commercially Sensitive. Disclosure of information contained in this document could result in potential
commercial harm to the interests of OPG and is strictly prohibited without the express written consent of OPG.

File No: N-REP-00120.3-10001-R000; Project ID - 16-27959

Page 9 of40
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public. Between the years 200g to 2oL2,the DR Project's overall budget has grown by -sr.se Qon dollars)

which is equivalenrro-2O% of initial budget. The current po¡nt-estimate of -59.¡e (52012 dollars) in the 2013

Business plan is approaching the upper boundary of the budgeted range of -S10.BB (52oI2) latest approved

by the BOD. This total increase represents in large part scope growth of the DR Project. There are many

reasons for this growth, including:

o OpEX, in particular from PARTS, which had significant cost overruns and schedule delays due to lack

of scope definition at that project's outset has led the DR Team to conservatively identify a broad

range of potential refurbishment scope;

o ln the scope identification process, there appears to have been a tendency to increase scope to

maintain the Station's WANO standing as well as over-commit to regulatory-d.riven modifications;

o Ai the scope of the Project has become more in-focus, the size of the Project Team has grown to

match the effort rePresented;

o OpG decided to shift the OPS & Maintenance cost for each unit's operators to the DR Project while

under refurbishment, which further added to the overhead costs.

The DR Team's SVps have a firm understanding that, going forward, if sòope is not effectively managed (and in

some cases significantly reduced), OPG's management will be hard-pressed to deliver the DR Project at an

acceptable cost. Below we discuss the progression of the DR Project's cost estimate, assess the current DR

Team effort to examine and vet scope, and provide othel recommendations for OPG to consider.

7.,, ßudget ancl Seope h4istorY

BMcD/Modus's starting point in reviewing the DR Project's scope was to review the evolution of

Management's representations to the BOD. The following summarizes the presentations that Management

has given to the BOD regarding the evolution of the DR Project's budget and associated scope:

o On November :r8, 2008, the BOD was presented -an initial "medium confidence" cost estimate of

-S4.98 including a 2O% contingency. At that time, the basis of the cost estimate included a 2OO7

pickering B Assessment; industry studies; and considerat¡ons emanating from OPG's own operating

experience (OPEX).12

. ln year 2009, Rev 3 of the cost estimate was developed by the Project Control Team which totaled

-57 .7813.

o On March 5,2O!O, Management committed to the BOD thatthe DR Project's scope would be limited

to: (1) replace life-limiting components (such as pressure tubes) to allow OPG to operate the units for

an additional 30 years, and; (2) replacement of components most effectively done in an extended

outage. Management assured the NOC that the DR Project had processes in place to control scope

growth via the Scope Review Board, which will "ensure that appropriate reviews (technical and

financial) are being performed to ensure that scope is appropriate and minimized to the extent feasible

to avoid increasing the complexity of the project and impacting the project's critical path'"14

12 Report for Submission to Nuclear Generation Projects Comm¡ttee (November l-8, 2008) at p. 8.

13 Report for Submission to Nuclear Generation Projects Committee (November 17,2OO9l at p. L'

1a Update on Darlington Refurbishment Project (March 5, 2010) at p. 1'
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. On November !7, ZoL!, the BOD was presented with a cost estimate that was characterized as

remaining in the range of -So.se to -5to.5B1s Additionally, the DR Team's 2012 Business Plan

estimate was -S8.78.

o On November 15, 2OI2 management presented its 2013 Business Plan cost estimate with a high

confidence amount of -S9.38 ín 2o'J,2 dollars, thus including escalation, which remained less than $1-08

in 2OO9S. There were additional details and explanation of variances within the materials presented

with the 2013 Business Plan.16

ed on files made available, variances and explanations of overall Program scope growth between 2009 and

campus Plan New Fuel &

Waste
"s 18%

operation
Su pport (1ol%

Ops Trainees,

roo% oPG Oversight
69%

Regulatory
65y,

Overall Program Scope Growth (%)

2O!2 are summarized below:17

o Operations Support grew by $gg0Vl or

76% based on required human resource'

profile considerations, all as prepared by

Operations and Maintenance

O rga n ization.

o OPG project management projections

grew by S443M or 69% based on

enhanced definitions and refined

organizational characteristics of each
'department. Currently, the project

management estimate is *20% of total
d irect costs.

o' Regulatory expenses grew by 5Z1M or
65%o, primarilY due to CNSC fees.

o Facility Support grew by $gOlvl or 7!6%. Projected costs were reflective of corporate real estate

(CRED) support costs at the Darlington Energy Center (DEC) along with business trade union (BTU)

costs to maintain site facilities.

o Operation Training grew by 527M or tOl%.

o project Bundles grew by S568M or 78% overall, resulting from enhanced work definition; increased

maturity; increased- scope of the Turbine Generator Project and addition of safety improvement

opportunity (SlO) projects.

o Carn'pus Plan costs decreased by St+.OlV or 22o/o due to ímproved scope clarit$.

o New fuel and Waste work decreased by S34M or tO% due also to improved scope clarity.

The variances between the 2OIZ and 2013 Business Plans for the Project Bundles which comprise the bulk of

direct costs are summarized below:

1s Update on the Darlington Refurbishment Project Economics (November t7,2OLL\ at p' B-L'

16 Update on the Darlington Refurbishment Project Economics (November L5,20].2l'at p' 3.

17 5ee DNGS Refurbishment Estimate Analysis (April 25, 201-3) at p' 4.
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a

o

The RFR scope grew by SfS¿Vl or 6Yo

via improved definition and

development of a more refined cost

estimate.

The Fuel Handling scope increased

byS125M or296% based on detailed

review of Fuel Handling

Component Condition Assessment

and continued scope clarification.

The Steam Generator scope grew bY

SZw1 or 4% due to a revised cost

estimate.

Safety lm provements lsland ing

37%
RFR

6%
'Loo%

Balance of Plant
(s6l%

Fuel Handling
296%

Turbine
Steam

Generato rs
Generators

484%

Project Bundle Scope Growth (%)a

o The Turbine Generator scope grew by S2B7M or 484% due to the addition of the turbine control

system and general scope finalization.

o BOP work reduced by SZOZwI or 56lr,o due to significant validation of work scope placed elsewhere in

the program.

o Safety lmprovement work increased by S175M or tOj% due to the additÍon of SIO's.

o lslanding work grew by S27M or 3L% due to scope clarification and the develo.pment of associated cost

estimates.

Overall, a variance review indicates that the larger cost increases as measured between the 2012 and 2Ot3

Business Plans resided in the Functional groups, not the Project Bundles. This suggests that any attempt by

the DR Team or Management to reduce scope must also'involve a re-look of the corresponding Functional

group costs as well.

, l-ic ï;;r:, Ii4t:vit:'r:.t liît:t.t:::;r, Y * "{t:t:';r¡

As noted, the DR Team is currently vetting the approved project scope. The following summarizes the process

the team is using to rationalize the scope and right-size the DR Project.

2, Frtttr:'::; tl y. îut"*{l'r: L.}t::ltt'r:Iai'zrzî.t r't

The ER Project's governance for scope review establishes the following Primary Objectives:

o Successful refurbishment of Darlington Station life-limiting components in orderto allow Darlington to

operate for 30 years beyond the current predicted end of service life.

. The Refurbishment Project will maintain and return the unit in the condition in which it is turned over'

o A successful refurbishment project requires delivery of all core and approved non-core scope within

the high confidence timeline and budget established in the RQE and as documented in the Project

Busíness Case Summary.

o Project cost and schedule as well as post-refurbishment performance will come under extreme scrutiny

due to the high profile nature of this project and its impact on OPG's reputation.


